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Os aneurismas da aorta abdominal (em particular os infra-renais) são um problema de 
saúde pública nos países ocidentais. Em 1991, foi publicado um novo tratamento por via 
endovascular, que veio a ser designado como Endovascular Aneurysm Repair, que 
revolucionou a terapêutica da doença aneurismática da aorta. Em 2001, incorporámos no 
nosso armamentário terapêutico este tratamento minimamente invasivo, que 
desenvolvemos desde então. 
 
Material e métodos  
No período de 12/2001 a 12/2013, foram tratados por Endovascular Aneurysm Repair 
171 doentes e por cirurgia convencional 121 doentes, com o diagnóstico de aneurisma da 
aorta abdominal infra-renal. Todos os doentes foram objecto de um protocolo de 
investigação clínica e imagiológico estandardizado, e a escolha da técnica foi sempre a 
considerada mais adequada para o doente, tendo em consideração o risco clínico e as 
características anatómicas do aneurisma. Foram analisados a idade, o sexo, os factores 
de risco ateroscleróticos, as doenças associadas, a etiologia, morfologia e características 
anatómicas aneurismáticas, o tipo de endoprótese implantada, o tipo de anestesia 
utilizada, os resultados obtidos, os factores determinantes de sucesso, a sobrevida e o 
custo. Com o objectivo de contribuir para apreciação de questões actuais e controversas, 
foram elaborados estudos clínicos, utilizando a casuística clínica, para apreciar o impacto, 
nos resultados do Endovascular Aneurysm Repair, da idade, do sexo, do tipo de 
anestesia e classificação da American Society of Anesthesiologists, da exposição a 
radiação e seus determinantes, o impacto do Endovascular Aneurysm Repair na 
qualidade de vida nos doentes e o impacto institucional que o Endovascular Aneurysm 
Repair aportou ao tratamento do aneurisma da aorta abdominal. Por último, avaliaram-se 
as novas perspectivas terapêuticas que o Endovascular Aneurysm Repair proporcionou a 
doentes em programa de transplante renal, em doentes com infecção pelo Vírus da 
imunodeficiência Humana, em doentes nonagenários, na dissecção da aorta abdominal 
isolada e em formas clínicas raras. 
 O método estatístico utilizado avaliou a normalidade da distribuição das variáveis 
contínuas, através do Teste de Kolmogorov-Smirnov. A comparação entre dois grupos de 
doentes foi baseada no Teste t de Student, para as variáveis que seguiam 
aproximadamente uma distribuição normal, e pelo Teste de Mann-Whitney-Wilcoxon, no 
caso em que os pressupostos da normalidade ou igualdade das variâncias não eram 
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observados. A comparação de mais de dois grupos foi baseada na Análise da Variância e 
no Teste de Kruskal-Wallis, quando os pressupostos da normalidade e homogeneidade 
das variâncias não se verificavam. No que concerne às variáveis categóricas, a hipótese 
de independência foi avaliada pelo Teste de Qui-quadrado ou pelo Teste Exato de Fisher. 
 
Resultados 
Foram tratados de aneurisma da aorta abdominal por Endovascular Aneurysm Repair 
171 doentes, sendo o tempo médio de seguimento de 32,4 meses, 94,2% dos doentes 
era do sexo masculino, com uma idade média de 74,1 anos. A etiologia foi degenerativa 
em 92,9% dos casos, 66% dos aneurismas envolvia a aorta isoladamente, a associação 
a aneurisma da artéria ilíaca interna foi de 10,2% e o diâmetro médio aneurismático foi de 
62,4mm. A indicação para a realização do Endovascular Aneurysm Repair foi, em 83,2% 
dos casos, um risco clínico ou anatómico elevado, a classificação dos doentes segundo a 
American Society of Anesthesiologists foi em 71% ASA III, a anestesia mais utilizada foi a 
loco-regional (60,9%), a exposição a radiação foi, em média, de 4,8 mGym2 e o tempo de 
fluoroscopia de 21,8mn, o tempo médio cirúrgico foi de 102,7mn, a taxa de doentes 
transfundidos com concentrado de glóbulos rubros foi de 23,1%, a taxa de re-intervenção 
aos 30 dias foi de 4,1%, a taxa de mortalidade aos 30 dias foi 1,2%, o tempo médio de 
internamento foi de 6,3 dias e a taxa de re-intervenção tardia foi de 12,5%. Os factores 
associados ao desenvolvimento de endoleaks foram o diâmetro aneurismático, a 
angulação do colo superior a 50º, a grande tortuosidade ilíaca e o tipo de endoprótese 
implantada. A sobrevida aos 5 anos foi de 68,5% e o custo médio do procedimento inicial 
foi de 11.404,0€. Nos estudos clínicos realizados, em relação à idade, não se observaram 
diferenças na indicação terapêutica e nos resultados obtidos, havendo mesmo alguns 
factores como a obesidade, a função eréctil e a vontade do doente ou do cirurgião que 
favoreceram a realização do Endovascular Aneurysm Repair no doente jovem (<70 anos). 
Em relação ao sexo, observou-se uma menor associação das mulheres ao tabagismo, à 
doença cardíaca isquémica, à doença clínica cerebrovascular e uma maior associação à 
angulação do colo >70º. Contudo, os resultados obtidos foram semelhantes aos obtidos 
no homem. Em relação à exposição a radiação, observou-se que 40% desta estava 
associada ao IMC, à morfologia aneurismática aorto-bi-ilíaca, ao diâmetro aórtico superior 
a 60mm, à angulação do colo >50º e ao diâmetro do colo >28mm. Em relação ao tipo de 
anestesia utilizada, observou-se que a anestesia loco-regional esteve associada a um 
menor tempo anestésico, menor tempo de internamento e a uma menor taxa de 
transfusão sanguínea. A classificação do doente como ASA IV esteve associada a uma 
maior tempo anestésico, a um maior tempo de internamento, maior taxa de transfusão, 
menor sobrevida e a um maior custo do procedimento inicial. Em relação à qualidade de 
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vida, observou-se um retorno aos níveis da população da norma aos 30 dias do pós-
operatório. O impacto institucional da incorporação do Endovascular Aneurysm Repair no 
tratamento do aneurisma da aorta abdominal mostrou que a indicação terapêutica, no 
que se refere ao diâmetro aneurismático, no Endovascular Aneurysm Repair e na cirurgia 
convencional foi a mesma, mas as características clínicas dos doentes foram diferentes 
com o grupo submetido a Endovascular Aneurysm Repair, tendo um maior número de 
comorbilidades. Em relação a parâmetros de gestão clínica, como a taxa de transfusão, o 
tempo anestésico, o tempo cirúrgico e o tempo de internamento, estes foram superiores 
na cirurgia convencional. A taxa de re-intervenção aos 30 dias foi superior na cirurgia 
convencional, mas a taxa de re-intervenção tardia foi semelhante no Endovascular 
Aneurysm Repair e cirurgia convencional. A sobrevida no Endovascular Aneurysm Repair 
esteve associada negativamente à classificação ASA IV e, na cirurgia convencional, 
houve uma associação negativa com a idade superior a 80 anos. Em relação ao custo, 
observou-se um aumento deste nos doentes classificados como ASA IV com ambas as 
técnicas cirúrgicas. Em termos de novas perspectivas terapêuticas, o Endovascular 
Aneurysm Repair revelou-se prometedor, tanto para os doentes insuficientes renais 
crónicos terminais que aguardam transplante renal, como para os já transplantados, para 
os doentes nonagenários, para os doentes com dissecção da aorta abdominal isolada e 
em doentes com infecção pelo Vírus da Imunodeficiência Humana, onde a mortalidade 
aos 30 dias foi de 0%.  
 
Discussão e Conclusão  
A incorporação do Endovascular Aneurysm Repair, na nossa prática clínica diária, 
permitiu obter uma mortalidade global no tratamento do aneurisma da aorta abdominal 
infra-renal de 2,7%, 1,2% no Endovascular Aneurysm Repair e 5% na cirurgia 
convencional, em relação com o tratamento dos doentes clinicamente mais complexos 
por Endovascular Aneurysm Repair. O aneurisma da aorta abdominal revelou ser um 
marcador de gravidade clínica, já que, aos 5 anos, a probabilidade de morte foi de 31,5% 
nos doentes tratados por Endovascular Aneurysm Repair e de 23,3% nos doentes 
tratados por cirurgia convencional. A idade e o sexo não tiveram influência nos resultados 
obtidos no Endovascular Aneurysm Repair e a qualidade de vida recuperou para os 
valores da população da norma, aos 30 dias do pós-operatório. Em relação à exposição a 
radiação, observou-se que é elevada e que está associada a factores de risco anatómico 
para a realização do Endovascular Aneurysm Repair, devendo estes ser considerados 
sobretudo no doente jovem com aneurisma da aorta abdominal. Os resultados, por nós 
obtidos, estão ao nível dos publicados nos estudos prospectivos randomizados (EVAR 1, 
DREAM, OVER, ACE), nos registos internacionais publicados e de acordo com o 
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recomendado pela Sociedade Europeia de Cirurgia Vascular. Em termos institucionais, a 
incorporação do Endovascular Aneurysm Repair permitiu obter uma melhoria significativa 
em diferentes áreas de gestão clínica e colaborar na melhoria da gestão do banco de 
sangue. Em termos de custo médio, este foi semelhante no Endovascular Aneurysm 
Repair e na cirurgia convencional, tendo sido observada um aumento de custo 
significativo nos doentes classificados como ASA IV. Observou-se, também, um 
subfinanciamento Hospitalar do tratamento do aneurisma da aorta abdominal no âmbito 











The aneurysms of the abdominal aorta (particularly the infra-renal) are a public health 
problem in the western countries. In 1991, a new endovascular treatment was published, 
which came to be referred to as Endovascular Aneurysm Repair that revolutionised the 
therapeutic of the aorta aneurysmal disease. In 2001, we incorporated this minimally 
invasive treatment in our therapeutic and we have been developing it ever since. 
 
Material and methodology 
In the period between 12/2001 and 12/2013, 171 patients were treated with Endovascular 
Aneurysm Repair and 121 were treated by means of conventional surgery, with the 
diagnosis of infra-renal abdominal aortic aneurysm. All the patients were object of a 
standardised clinical research and imagiological protocol and the choice of the technique 
was always considered the most suitable for the patient, taking into account the clinical 
risk and the anatomic features of the aneurysm. Elements such as age, gender, 
atherosclerotic risk factors, associated diseases, etiology, morphology and aneurysmal 
anatomic features, type of endoprostheses implanted, type of anaesthesia used, results 
achieved, factors determinant for success, survival and cost were analysed. With the goal 
to contribute to the appreciation of current and controversial questions, clinical studies 
were elaborated, using the clinical casuistry to assess the impact on the results of the 
Endovascular Aneurysm Repair of age, gender, type of anaesthesia and American 
Society of Anesthesiologists scale, exposure to radiation and its determinants, the impact 
of Endovascular Aneurysm Repair in the quality of life of the patients and the institutional 
impact the Endovascular Aneurysm Repair provided for the treatment of the abdominal 
aortic aneurysm. Finally, the new therapeutic perspectives the Endovascular Aneurysm 
Repair delivered to patients in kidney transplant programmes, patients with Human 
Immunodeficiency Virus, ninety-year-old-patients, the isolated dissection of the abdominal 
aorta and rare clinical forms. 
The statistical methodology used evaluated the normality of the distribution of the 
continuous variables, by means of the Kolmogorov-Smirmov Test. The comparison 
between two groups of patients was based on the t Test for the variables which 
approximately followed a normal distribution and the Mann-Whitney-Wilcoxon Test, in the 
case where the suppositions of normality or equality of the variances were not observed. 
The comparison of more than two groups was based on the Variance Analysis and the 
Kruskal-Wallis Test, when the suppositions of normality and homogeneity of the variances 
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did not register. As far as the categorical variables are concerned, the hypothesis of 
Independence was evaluated by Pearson’s Chi-square Test or Fisher’s Exact Test. 
    
Results 
171 patients were treated for abdominal aortic aneurysm by Endovascular Aneurysm 
Repair, with a medium follow-up time of 32,4 months, 94,2%of the patients were of the 
male gender with an average age of 74,1 years old. The etiology was degenerative in 
92,9% of the cases, 66% of the aneurysms involved the aorta individually, the association 
to aneurysm of internal iliac artery was of 10,2% and the medium aneurismal diameter 
was of 62,4mm. The instruction for the performance of the Endovascular Aneurysm 
Repair was, in 83,2% of the cases, a high clinical or anatomical risk, the assessment of 
the patients according to the American Society of Anaesthesiologists scale was of 71% 
ASA III, the most commonly used anaesthesia was the local one (60,9%), the exposure to 
radiation was, in average, of 4,8 mGym2 and the fluoroscopy time was of 21,8mn, the 
medium surgical time was of 102,7mn, the rate of patients transfused with red blood cells 
was of 23,1%, the rate of re-intervention after 30 days was of 4,1%, the mortality rate after 
30 days was of 1,2%, the average internment time was of 6,3 days and the late re-
intervention rate was of 12,5%. The factors associated to the development of endoleaks 
were the aneurysmal diameter, the angulation of the superior neck to 50º, the grand iliac 
tortuosity and the type of endoprostheses implanted. The survival by 5 years was of 
68,5% and the average cost of the initial proceeding was of €11,404.00. In the clinical 
studies performed, as far as age is concerned, there were no big differences observed in 
the therapeutic instruction and the results achieved; there were actually some factors such 
as obesity, erectile function and the will of the patient or the surgeon which favoured the 
performance of the Endovascular Aneurysm Repair in the young patient (<70 years old). 
As far as gender is concerned, there was a minor association of women to tobacco, 
ischaemia, cerebrovascular clinical disease and a minor association to the angulation of 
the neck >70º; however, the results achieved were similar to those registered for men. 
Regarding radiation, it was observed that 40% of it was associated to the body mass 
index, to the aneurysmal morphology aortic-bi-iliac, to the aortic diameter superior to 
60mm, to the angulation of the neck <50º and the diameter of the neck <28mm. As far as 
the type of anaesthesia used is concerned, it was observed that the local anaesthesia was 
associated to a shorter anaesthesia time, shorter internment time and lower blood 
transfusion rate. The assessment of the patient as ASA IV was associated to a longer 
anaesthesia time, a longer internment time a higher rate of transfusion, a shorter survival 
rate and a higher cost of the initial procedure. Regarding quality of life, one could observe 
a return to the normal levels of the population 30 days after the surgery. The institutional 
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impact of the incorporation of the Endovascular Aneurysm Repair in the abdominal aortic 
aneurysm treatment evidenced that the therapeutic indication, as far as the aneurysmal 
diameter is concerned, in the Endovascular Aneurysm Repair and the conventional 
surgery was the same, but the clinical features of the patients were different, with the 
group subjected to Endovascular Aneurysm Repair with a higher number of comorbidities. 
Regarding the clinical management parameters, such as the transfusion rate, the 
anaesthesia time and the internment time, those were superior for the conventional 
surgery. The re-intervention rate after 30 days was superior for the conventional surgery, 
but the late re-intervention rate was similar for the Endovascular Aneurysm Repair and the 
conventional surgery. The survival for the Endovascular Aneurysm Repair was negatively 
associated to the ASA IV assessment and for the conventional surgery there was a 
negative association with the age of over 80. In terms of cost, there was an increase in the 
patients assessed as ASA IV with both surgical techniques. Regarding new therapeutic 
perspectives, the Endovascular Aneurysm Repair revealed itself promising for the terminal 
patients with chronic kidney insufficiency, who are expecting a kidney transplant, and also 
for those already transplanted, the ninety-year-old-patients, the patients with isolated 
dissection of the abdominal aorta and in patients infected with Human Immunodeficiency 
Virus, where mortality after 30 days was of 0%.  
 
Discussion and Conclusion 
The incorporation of Endovascular Aneurysm Repair in our daily clinical practice enabled 
the achievement of a global mortality for the treatment of the aneurysm of the infra-renal 
abdominal aorta of 2,7% (1,2% for Endovascular Aneurysm Repair, 5% for conventional 
surgery), regarding the treatment of clinically more complex patients with Endovascular 
Aneurysm Repair. 
The abdominal aortic aneurysm reveal itself as a gravity marker, given that at 5 years the 
probability of death was of 31,5% for patients treated with Endovascular Aneurysm Repair 
and 23,3% for patients treated with conventional surgery. The age and gender had no 
influence in the results achieved in the Endovascular Aneurysm Repair and the quality of 
life recovered to the values of the population in general 30 days after surgery. As far as 
the exposure to radiation is concerned, it was observed that it is high and associated to 
factors of anatomic risk for the performance of the Endovascular Aneurysm Repair, which 
means these should be considered mainly in the young patient with abdominal aortic 
aneurysm. The results achieved by us are at the level of those published in the 
prospective randomised studies (EVAR1, DREAM, OVER, ACE), in the international 
records published and according to that which is recommended by the European Society 
for Vascular Surgery. In institutional terms, the incorporation of the Endovascular 
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Aneurysm Repair enabled the achievement of a significant improvement in different 
clinical management areas and the collaboration in the improvement of the management 
of the blood bank. In terms of average cost, this was similar both for the Endovascular 
Aneurysm Repair and the conventional surgery, with the observation of a considerable 
increase of cost in the patients assessed as ASA IV. A hospital sub-financing of the 
treatment of abdominal aortic aneurysm within the scope of the National Health Service 
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1. Introdução Histórica 
 
A evolução do conhecimento e da terapêutica dos aneurismas da aorta acompanhou o 
desenvolvimento da medicina em geral, tendo sido influenciada pelo progresso do 
conhecimento anatómico e fisiológico, pela emergência de novas tecnologias de imagem 
in vivo e pelo desenvolvimento da Anestesia e da Cirurgia. 
A referência mais antiga à artéria aorta remonta ao papiro de Edwin Smith, como referido 
por Argenteri et al, (5) (6) (7) englobado como parte de um livro de cirurgia de trauma, 
referindo-se, provavelmente, a falsos aneurismas traumáticos periféricos mais comuns do 
que a aneurismas degenerativos, em virtude da esperança de vida ser reduzida nessa 
época. Contudo, o conhecimento exacto da estrutura e função da aorta foi desconhecido 
durante séculos. Hipócrates de Cós (5) (6) (7) descreveu os grandes vasos cardíacos como 
sendo a fonte da natureza humana que transportariam fluxos que irrigariam o corpo e que 
seriam necessários à preservação da vida e que designou por plhebs (canais) incluindo 
artérias e veias. 
Com o declínio da Grécia Antiga e a emergência da medicina greco-romana, o seu 
expoente máximo foi Galeno de Pergamun, médico da escola de gladiadores, que 
descreveu a sua teoria sobre anatomia geral no livro Corpore Vili, segundo a qual a 
circulação aórtica desempenharia um papel secundário. De facto, o conhecimento 
científico da anatomia do sistema circulatório começou nos séculos XIV e XV em Itália, 
através da dissecção cadavérica. Real do Colombo, Fabrizio d’Aquapendente e Andrea 
Cesalpino, em Pádua e Pisa, proporcionaram uma nova perspectiva para o conhecimento 
da circulação, cuja natureza e características viriam a ser descritas por William Harvey, 
que foi aluno de Fabrizio d’Aquapendente. Em 1543, Andreas Van Wesel (Vesalius), 
anatomista flamengo radicado em Pádua, realizou importantes estudos anatómicos, pela 
prática da dissecção cadavérica, e fez uma descrição anatómica completa da aorta, na 
sua obra De Humanis corporis fabrica, questionando a ortodoxia de Galeno. (5) 
Ambroise Paré, no seu tratado Des Apostemes (1552), descreveu um aneurisma da aorta 
torácica, como uma doença incurável, originada em indivíduos com sífilis tratados com 
vapores de mercúrio, pensando que a causa do aneurisma seria o aquecimento do 
sangue devido a esta substância. Daniel Sennert, anatomista do século XVII, (5) na sua 
teoria sobre a formação de aneurismas, atribuiu à rotura da túnica íntima (a parede 
arterial seria constituída por duas túnicas) a causa que condicionaria a dilatação da 
parede. Porventura, esta terá sido a primeira descrição de uma dissecção da aorta e 
formação de aneurisma. Em 1659, Giovanni Truly, cirurgião papal e professor na 
Universidade de Roma, juntamente com o aluno dinamarquês Van Moinichen, realizaram 
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a autópsia ao Cardeal Melz, descrevendo a presença de calcificação extensa da aorta, 
referindo semelhanças ao tecido ósseo. A primeira ilustração de uma aorta calcificada foi 
efectuada por Conrad Brunner, anatomista suíço, que descreveu a presença de focos de 
calcificação e ulceração. Os termos “lesões ossificantes”, “focos cartilagíneos”, “lesões 
litiásicas” e “focos esteatomatósicos” foram designações frequentemente utilizadas para 
descrever as lesões encontradas na parede arterial, facto este que levou, em 1833, 
Lobstein a introduzir a designação de “arteriosclerose”. (5) No século XVIII, Giovanni 
Lancisi identificou o aneurisma da aorta como causa de morte, no seu tratado De motu 
cordis et aneurysmatibus (1728), mencionando como factores etiológicos possíveis o 
impacto do sangue na parede aórtica, a fraqueza da parede e a acumulação de humores 
estagnantes e erosivos nas áreas de parede com a formação de ulcerações. O único 
tratamento do aneurisma da aorta, até ao século XIX, foi proposto por Valsalva, (5) que 
sugeriu que a diminuição ou eliminação da fraqueza da parede aórtica poderia ser obtida 
com a diminuição do volume sanguíneo e consequente diminuição da tensão na parede. 
Este método, conhecido como Tutum efficax, quin etian fortasse unicum auxiliam futurum, 
implicaria a remoção da quantidade de sangue julgada necessária e redução da ingestão 
alimentar. Giovanni Morgagni, que foi aluno de Valsalva, publicou De sedibus et causis 
morborum per anatomen indagatis (70 cartas destinadas a um jovem imaginário, 
estudante de ciências), no qual descreveu sete casos de aneurismas da aorta torácica e 
abdominal e, na mesma época, Nichols reportou que a causa da morte do Rei George III 
de Inglaterra teria resultado da distensão violenta da aorta, durante a defecação, com 
fissuração na sua porção ascendente e conduzindo à formação de um hematoma peri-
aórtico, compressão pulmonar e ruptura ventricular. Esta foi a primeira descrição 
pormenorizada e objectiva de Dissecção da Aorta. Neste período, os irmãos William e 
John Hunter realizaram investigação importante na doença vascular, tendo William 
Hunter estabelecido a distinção entre aneurismas verdadeiros e falsos, no seu tratado 
History of an aneurysm of the aorta (1757). John Hunter procedeu, em 1745, à laqueação 
de um aneurisma poplíteo, num homem de 45 anos, com sucesso. Antonio Scarpa, de 
Pavia (1804), publicou o livro Sull’aneurisma, ilustrando a doença com imagens suas, 
tendo um dos capítulos o título Sull’ aneurisma della curvatura dell’aorta, del tronco della 
torácica e della ventrale onde descreveu claramente a existência do colo aneurismático. (5) 
O tratamento cirúrgico das lesões da aorta foi realizado, pela primeira vez, por Sir Astley 
Cooper, em 25 de Junho de 1817, no Guys Hospital de Londres, num doente com 
aneurisma ilíaco fissurado, tendo sido efectuada laqueação da aorta na sua bifurcação, 
complicada de isquemia dos membros e morte 40 dias depois. (8) A perspectiva de 
intervenção terapêutica estava centrada na indução da trombose do aneurisma, tendo 
sido utilizados vários métodos, desde o uso de agulhas por Velpeau, em 1831, (9) à 
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aplicação de correntes galvânicas por Corradi, em 1879, em Pavia, (10) mediante colocação 
de uma agulha no saco aneurismático, técnica que viria a ser recuperada por Arthur 
Blakemore, em 1938, nos Estados Unidos da América (EUA), induzindo a trombose pela 
aplicação de uma corrente eléctrica de 100 V intra-aneurismática. (11) 
O desenvolvimento científico da Medicina, no século XIX, veio a ter grande impacto no 
tratamento da doença aneurismática da aorta. Em 1895, Wilhelm Konrad Roentgen, físico 
alemão da Universidade de Wurzburg, descobriu um novo tipo de radiação − Raios-X −, 
proporcionando a emergência de uma nova tecnologia de imagem in vivo base para a 
futura angiografia (12), que seria iniciada em Portugal, em 1927, por Egas Moniz, com a 
introdução da arteriografia cerebral por punção carotídea e por Reynaldo dos Santos, em 
1929, com a introdução da aortografia por punção translombar da aorta abdominal. 
Esta contribuição portuguesa, à qual se viria acrescentar a Flebografia, por João Cid dos 
Santos, em 1937, e a linfografia com torotraste em 1930, por Hernâni Monteiro, 
consubstanciou a Escola Portuguesa de Angiografia e marcou uma viragem no estudo da 
doença vascular, o qual viria a ser alargado pela técnica do cateterismo arterial selectivo, 
por Seldinger, em 1940. (13). 
A primeira década do século XX foi marcada pela contribuição cirúrgica experimental de 
Alexis Carrel, biólogo e médico que introduziu novas técnicas de anastomose vascular, 
nomeadamente a utilização de artérias crio-preservadas e de veias como condutos de 
substituição vascular, a implantação arterial mediante patch de Carrel, a criação de uma 
bomba de perfusão e circulação extracorpórea e a transplantação de órgãos, técnicas 
que viriam a ser marcantes no desenvolvimento posterior da cirurgia vascular. Esta 
notável contribuição científica foi reconhecida com a atribuição do Prémio Nobel da 
Medicina, em 1912. (14) (15) 
A descoberta da heparina, por Gordon Murray, no Canadá, (16) que permitiu a inibição da 
trombose intra e pós-operatória, e dos grupos sanguíneos, que tornou possíveis e 
seguras as transfusões de sangue, tornaram possível o desenvolvimento da terapêutica 
cirúrgica das doenças da aorta. 
Simultaneamente, o desenvolvimento da anestesia, a partir dos trabalhos iniciais de 
William Morton, em 1846, com a introdução de novos fármacos anestésicos, a 
monitorização das funções vitais durante a anestesia e no pós-operatório e o notável 
desenvolvimento da Medicina Intensiva e dos Cuidados Pós-Operatórios vieram permitir 
a notável expansão da cirurgia das lesões da aorta. (17) 
A cirurgia arterial evoluiu da laqueação para a reparação dos vasos e restabelecimento 
da circulação, tendo Goyanes, em 1906, sido pioneiro na ressecção dum aneurisma 
poplíteo e reconstrução arterial com um segmento de veia poplítea adjacente. (18) Rudolph 
Matas, em 1923, tratou um aneurisma aórtico sifilítico num jovem, laqueando o aneurisma 
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com sucesso, tendo o doente conseguido sobreviver 18 meses. Na autópsia constatou-se 
a trombose do saco aneurismático. Foi ele que introduziu, ainda, a técnica de 
endoaneurismorrafia reconstrutiva ou obliterativa para o tratamento dos aneurismas 
periféricos. (18) 
Uma linha de intervenção foi a tentativa de wrapping – envolvimento do aneurisma – por 
diferentes materiais como celofane, omentum, esponja de polivinil, com o objectivo de 
induzir fibrose que impedisse a rotura do aneurisma – experiências estas que se 
revelaram infrutíferas, como ficou evidenciado no tratamento do aneurisma da aorta, de 
Albert Einstein, (18) que, após o tratamento do aneurisma da aorta abdominal (AAA) com 
este método, teve rotura posterior do mesmo. 
A era da cirurgia reconstrutiva da aorta iria começar na década de 50 do século XX, 
primeiro com os trabalhos experimentais de Jacques Oudot, (19) em Paris, com utilização 
de homo-enxertos da aorta, numa primeira fase, na doença oclusiva aorto-ilíaca e, mais 
tarde, por Charles Dubost, no tratamento pioneiro de um aneurisma da aorta abdominal, 
num homem de 50 anos com ressecção do aneurisma e reconstrução da continuidade 
vascular, com uma prótese homóloga de aorta torácica colhida numa jovem mulher 
falecida, três semanas antes. (20) O acesso cirúrgico utilizado foi uma abordagem 
retroperitoneal, com recessão da 11.ª costela, e o doente viveu 8 anos, tendo falecido de 
enfarte do miocárdio. A técnica desenvolvida por Dubost tinha, contudo, limitações para 
uma aplicação alargada: a disponibilidade de próteses homólogas era pequena, havia 
problemas de conservação e armazenamento das mesmas e problemas de 
degenerescência da parede arterial. 
A introdução de novos materiais sintéticos biocompatíveis, resistentes e com durabilidade 
abriu novas perspectivas à cirurgia da aorta. O pioneiro foi Arthur Voorhees, cirurgião 
nascido na Holanda, que se juntara ao grupo de Blakemore de Nova Iorque, e que, com a 
colaboração de J. W. Blunt e A. Jaretzki, utilizou Vinyon-N como material, desenvolvendo 
uma prótese que experimentou com sucesso em estudos animais. (21) 
A utilização de Dacron, como material sintético, em 1954, por Michael Ellis DeBakey, (22) 
na substituição da aorta abdominal, foi um marco decisivo que permitiu um notável 
desenvolvimento ulterior desta cirurgia. Ao viabilizar a implantação destas próteses na 
reconstrução aórtica, permitiu difundir e generalizar a sua utilização. A utilização posterior 
de plasma e albumina, para impregnar e preencher os espaços intersticiais protésicos, 
permitiu minimizar as perdas sanguíneas e melhorar os resultados cirúrgicos. (23) 
De um ponto de vista de técnica cirúrgica, Creech Jr. (24) promoveu a sua modificação, 
efectuando a ressecção parcial do saco aneurismático e implantação de prótese sintética 
no leito aneurismático, sem efectuar a aneurismectomia total, técnica com menor 
dissecção cirúrgica e que se mantém como referência na cirurgia convencional actual. 
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Szilagyi D.E. et al (25) demonstraram, através de um estudo estatístico rigoroso, que a 
cirurgia do aneurisma da aorta prolongava a sobrevivência dos doentes. 
No entanto, a cirurgia convencional mantinha uma mortalidade que podia atingir os 8%, e 
grande número de doentes não tinha condições clínicas para poder ser sujeito a esta 
cirurgia major. 
A cirurgia endovascular viria a colmatar essa lacuna ao alargar a possibilidade 
terapêutica a doentes mais graves, com maior risco cirúrgico e com redução da 
mortalidade pós-operatória. 
O seu desenvolvimento assentou nas contribuições pioneiras de Dotter C. T. e Judkins M. 
P., (26) com a primeira angioplastia transluminal com cateter coaxial, mediante dilatação 
mecânica da lesão oclusiva; de Grüntzig A. e Hopff H. (27) que introduziram a angioplastia 
por balão, e de Palmaz J. C. et al, (28) com a implantação de stent com o objectivo de 
prevenir a dissecção e reduzir o risco de retrombose, contribuições que foram marcos na 
intervenção endovascular na doença arterial oclusiva. 
Simultaneamente, houve um notável desenvolvimento da imagiologia da aorta, até então 
limitada à arteriografia, e que decorreu da descoberta da tomografia computorizada, por 
G. Hounsfield, em 1968, (29) abrindo novas perspectivas, na avaliação pré-operatória da 
aorta e de todo o sistema arterial, o que influenciou a investigação clínica e experimental, 
conduzindo ao tratamento endovascular do aneurisma da aorta. 
Este consiste na aplicação de uma endoprótese (estrutura metálica coberta com tecido), 
introduzida por um acesso percutâneo endovascular à distância, que impede o contacto 
directo da corrente sanguínea com a parede do aneurisma. A endoprótese é fixada 
proximal e distalmente ao aneurisma, em zonas de artéria saudável não dilatada, 
designadas por colo proximal e distal, e excluindo, desta forma, a parede aneurismática 
do contacto com o fluxo sanguíneo circulatório. 
O primeiro cirurgião a realizar um tratamento endovascular de um aneurisma aórtico foi 
Volodos, (2) cirurgião ucraniano que, após longa investigação, a 24 de Março de 1987, 
tratou um paciente de 53 anos com um falso aneurisma da aorta torácica, com uma 
endoprótese por si construída. A cirurgia foi realizada sob anestesia geral, em sala de 
angiografia, com acesso cirúrgico através da artéria femoral direita. O tratamento foi um 
sucesso, com uma sobrevida de 18 anos e 3 meses e morte do doente por enfarte agudo 
do miocárdio (EAM). 
Parodi J. C., após um longo período de investigação, realizou, em 7 de Setembro de 
1990, com Palmaz, o primeiro tratamento endovascular de um aneurisma da aorta 
abdominal, na Argentina, e foi o principal responsável pela implementação e divulgação 
desta nova técnica terapêutica. A cirurgia foi realizada sob anestesia local em sala de 
angiografia, com abordagem cirúrgica da artéria femoral e consistiu na colocação de uma 
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endoprótese aorto-mono-ilíaca associada a realização de pontagem femuro-femoral 
cruzada. Três meses após o procedimento, foi diagnosticada a persistência de fluxo 
sanguíneo directo no saco aneurismático por deficiente exclusão a partir da zona de 
implantação distal − alteração que viria a receber a designação de endoleak tipo I B − 
tratada com sucesso. O paciente viveu 9 anos e morreu de neoplasia pancreática. A 
experiência inicial de cinco casos tratados, de J. Parodi, foi publicada no Annals of 
Vascular Surgery, em 1991. (30) (3) 
Na Europa e nos EUA, houve uma mobilização extraordinária da comunidade vascular, 
durante a década de 90, para a avaliação rigorosa desta nova tecnologia terapêutica, 
nomeadamente com a organização de registos multicêntricos como o EUROSTAR, (31) 
cujos resultados comprovaram a sua eficácia e durabilidade. Este facto conduziu, em 
1999, à aprovação de duas endopróteses, pela Food and Drug Administration (FDA), 
AneuRx tm e a Ancure Tm, para tratamento do AAA infra-renal e, na Europa, à aprovação 
da endoprótese Vanguard. 
Em 22 de Novembro de 1992, F. Veith et al realizaram com sucesso o primeiro caso de 
tratamento endovascular do AAA (endovascular aneurysm repair − EVAR), nos EUA, (3) 
utilizando uma endoprótese aorto-mono-ilíaca. Em 1993, Timothy Chuter realizou o 
primeiro EVAR com uma endoprótese aorto-bi-ilíaca bifurcada com estrutura modular, (32) 
facto este que veio permitir o desenvolvimento das endopróteses e a sua adaptação à 
extensão ilíaca da doença aneurismática e, em 2000, realizou o primeiro tratamento com 
utilização de endopróteses ramificadas para aneurismas mais extensos e complexos, 
com envolvimento da circulação visceral. (33) Em 1994, foi publicado o primeiro tratamento 
endovascular de um aneurisma aórtico em rotura, por Yusuf S. W. et al. (34) 
Contrariamente à cirurgia convencional, na qual a prótese é escolhida intra-
operatoriamente, o EVAR requer um planeamento pré-operatório cuidado, porque a 
colocação e manutenção da endoprótese na sua posição tem requisitos anatómicos e 
morfológicos do aneurisma, que não eram considerados indispensáveis na cirurgia 
convencional. 
Foi assim necessário criar uma nova semiologia e, para esse objectivo, o exame 
fundamental foi a tomografia computorizada que permite determinar as características 
anatómicas da aorta, do aneurisma e das artérias ilíacas (figura 1). 
Na aorta, é fundamental determinar as características da zona proximal ao aneurisma, 
livre de doença, onde se pretende efectuar a fixação da endoprótese (colo aneurismático). 
É necessário determinar a extensão do colo (H1), a sua forma (F), o seu diâmetro (D2), a 
sua angulação (A), a presença de trombo e/ou calcificação e o diâmetro da aorta justa 
bifurcação (D4), em caso de não envolvimento das artérias ilíacas. 
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Na anatomia do aneurisma, importa determinar o seu diâmetro máximo (D3), a sua 
extensão, a distância entre a artéria renal mais distal e a bifurcação aórtica, a 
permeabilidade das artérias lombares, da artéria mesentérica inferior e a presença de 
artérias polares renais com origem no aneurisma ou no colo proximal. Em relação às 
artérias ilíacas, é necessário determinar o diâmetro da artéria ilíaca comum (D5a e D5b) 
e das artérias ilíacas externas (D6a e D6b), a tortuosidade das artérias ilíacas e a 
avaliação da permeabilidade das artérias ilíacas internas. Com estas determinações, 
obtêm-se as informações necessárias para a escolha do tipo de endoprótese e eventuais 
procedimentos associados intra-operatórios que possam ser necessários. 
 
 
Figura 1 - Planeamento pré-operatório do EVAR 
 
A tomografia computorizada, com duas fases (sem e com contraste) e com cortes axiais 
de espessura sempre inferior a 5mm, preferencialmente, de 1mm, e a utilização de 
software para reconstrução tridimensional associada à tecnologia, do Center lumen line, 
permitiu uma maior fiabilidade das determinações anteriormente definidas na presença 
de tortuosidade e/ou angulações da aorta e ilíacas. Vários softwares existem no mercado 
com este objectivo, a Osirix Tm, Terarecons, Tm Aquarius e o 3Mension, tendo sido este 
último o que incorporámos no nosso planeamento. 
A anatomia aorto-ilíaca e aneurismática é também um factor determinante no sucesso 
terapêutico. São factores prognósticos, em relação à zona de selagem proximal (colo 
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proximal), a sua extensão, o seu diâmetro, a presença de trombo, a sua calcificação 
circunferencial, a sua angulação e a sua morfologia. (35) 
Em relação à zona de selagem distal, são factores prognósticos, o diâmetro da artéria 
ilíaca comum, a extensão da zona de selagem e a tortuosidade ilíaca. (35) 
Simultaneamente, houve uma evolução muito importante no material endovascular, como 
a redução do seu diâmetro, uma melhor flexibilidade, uma melhor navegabilidade e 
conformabilidade dos guias, cateteres e endopróteses, o que permitiu proporcionar uma 
maior facilidade na implantação das endopróteses, associada a uma maior fiabilidade e 
durabilidade das mesmas e, consequentemente, melhores resultados. (36) 
A evolução das endopróteses pode globalmente dividir-se em duas fases: a fase 1, em 
que as endopróteses eram construídas pelos médicos (home made) e que correspondeu 
ao período antes de 1994; e a fase industrial posterior que levou a um grande 
desenvolvimento da qualidade e facilidade de implantação das endopróteses. (37) 
As endopróteses são estruturas modulares, que podem ter fixação infra-renal ou supra-
renal, e morfologia aorto-bi-ilíaca ou aorto-mono-ilíaca (figura 2). Em relação às 
endopróteses de fixação infra-renal ou supra-renal, estas últimas têm sido associadas 
como mais adequadas quando o colo aneurismático não é o mais favorável. (38) (39) (40) (41) (42) 
Contudo, os resultados reportados são semelhantes. (41) (43) (44) (45) (46) (47) 
 
 
Tipos de endoprótese modular das 
endopróteses aórticas 
 




ilíaca com fixação supra-
renal 
 
Endoprótese aorto-bi-ilíaca com 
fixação supra-renal 
Figura 2 - Tipos de endoprótese 
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Quanto ao tipo de endoprótese aorto-bi-ilíaca e aorto-mono-ilíaca, estas últimas estão 
indicadas em situações anatómicas particulares, como uma aorta distal de dimensões 
reduzidas, uma oclusão unilateral das artérias ilíacas ou em situações de grande 
tortuosidade, em que se prevejam potenciais complicações. (48) 
Em resposta à existência de colos aneurismáticos proximais, que pelo seu comprimento, 
angulação ou diâmetro impediam a realização do EVAR standard, foram desenvolvidas 
novas endopróteses fenestradas (49) (figura 3) e soluções técnicas alternativas, como as 
endopróteses paralelas (chimney, snorkel e sandwich) (50) (figura 4), que permitiram a 




Figura 3 - Endopróteses fenestradas/ramificadas 
 
 
Figura 4 - Técnica de endoprótese paralelas 
 
Como referem Gonçalves F.B. et al, (51) em doentes com anatomia favorável há bons 
resultados publicados com a implantação da maioria das endopróteses recentes, sendo 
que os doentes com anatomia complexa podem beneficiar de endopróteses específicas. 
O objectivo da tecnologia EVAR é obter a exclusão do contacto do saco aneurismático 
com a corrente sanguínea, mantendo a integridade da circulação da aorta-ilíaca, e, desse 
modo, promover a estabilidade ou, preferencialmente, a redução das dimensões do 
aneurisma. Contudo, este objectivo nem sempre é atingido, podendo ocorrer a 
persistência da perfusão do saco aneurismático, apesar da colocação da endoprótese. 
Este facto recebeu a designação de endoleak, conceito introduzido, em 1997, por White 
G.H. et al, (52) para o diferenciar do termo leak, associado à rotura do AAA e que podemos 
traduzir por endofuga, embora a designação inglesa tenha sido assumida de forma 
universal. 
As endoleaks podem afectar até 50% dos doentes submetidos a EVAR, podendo surgir a 
qualquer altura após a colocação da endoprótese, representando assim o “calcanhar de 
Aquiles” desta técnica. 
As endoleaks (EL) podem ser classificadas em cinco tipos (tipo I, tipo II, tipo III, tipo IV e 
tipo V), consoante a sua origem e localização (figura 5). 
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Figura 5 - Classificação dos endoleaks 
 
A endoleak tipo I está dependente de uma deficiente selagem proximal (IA) ou distal (IB) 
nas zonas de ancoragem da endoprótese, a tipo II está associada à perfusão do saco 
aneurismático pelas artérias lombares e/ou mesentérica inferior, a tipo III está associada 
à falência estrutural da endoprótese por desconexão de componentes da estrutura 
modular, rotura do tecido ou fractura metálica, a tipo IV está associada à porosidade 
tecidular endoprótese e transudação para o saco e a tipo V, também conhecida como 
endotensão, está associada a um aumento do volume do aneurisma sem que se consiga 
demonstrar a perfusão sanguínea do saco aneurismático. 
A causa das endoleaks tem sido atribuída a múltiplos factores: inadequação técnica por 
tratamento deficiente, progressão da doença aneurismática na aorta e/ou ilíacas nas 
zonas de ancoragem, persistência da permeabilidade dos ramos colaterais da aorta 
apesar da exclusão do aneurisma, a falência estrutural da prótese, circunstância esta, 
mais comum nas duas primeiras décadas de utilização de EVAR e menos comum com as 
endopróteses de última geração. 
A sua importância relativa tem sido objecto de múltiplos estudos que correlacionaram a 
persistência de endoleaks com o insucesso terapêutico – aumento de volume do AAA – e 
risco de rotura. 
As endoleaks tipo I estão associadas a uma elevada pressão no saco aneurismático, 
condicionando um elevado risco de crescimento e rotura do aneurisma. 
Como referem Sampaio S.M. et al, (53) estas endoleaks são uma complicação rara pós 
EVAR, mas estão associadas a um elevado número de re-intervenções e consequências 
sérias, sendo, desta forma, a re-intervenção a regra. (54) (55) (56) (57) (58) (59) (60) 
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A endoleak tipo II é o tipo mais comum, podendo representar até 44% de todas as 
endoleaks, sendo a sua história natural incerta, havendo quem as considere como 
benignas, enquanto outros as associam a crescimento do saco e rotura. (61) (62) (63) (64) 
A experiência recente favorece uma abordagem conservadora, sendo a intervenção 
recomendada quando há crescimento do aneurisma superior a 1cm, já que a rotura do 
AAA, associado a EL II isolada, é rara (65) e os resultados terapêuticos incertos. (59) (66) (67) 
A endoleak tipo III mantém a pressurização do saco aneurismático com a pressão arterial 
sistémica, provocando um elevado risco de crescimento aneurismático e rotura. A re-
intervenção é a regra, desde que possível e exequível. A disrupção ou deslocação de 
componentes não parece ser um problema a curto ou médio prazo nas endopróteses 
aprovadas pela FDA, (68) e parece resultar de insuficiente área de sobreposição entre os 
componentes modulares e entre estes e as artérias nativas. 
A fadiga de material foi demonstrada em praticamente todas as endopróteses removidas, 
com fractura metálica em 66% dos casos, orifícios tecidulares em 45%, e rotura de 
suturas em praticamente todos os casos. Contudo, não foi demonstrada uma relação 
entre a fadiga do material e um resultado clínico adverso. (69) 
As endoleaks tipo IV são consideradas benignas e não justificam tratamento, devido à 
sua maioria selar num mês, sendo, contudo, fundamental a exclusão de outro tipo de 
endoleak. 
A endoleak tipo V tem uma patogénese incerta e o debate sobre a sua etiologia persiste. 
No curto prazo, a endotensão não foi associada a alto risco de rotura, mas o crescimento 
aneurismático aumenta esse risco e pode aumentar o risco de desenvolvimento de EL I 
ou EL III. A explicação da sua ocorrência pode resultar da falta de sensibilidade para 
detectar uma endoleak pelo método imagiológico usado, da transmissão da pressão 
através do tecido da endoprótese, (70) (71) ou através da passagem de um ultrafiltrado 
através dos microporos tecidulares que aumentaria a pressão no saco aneurismático. (72) (73) 
Enquanto uns recomendam tratamento imediato, outros recomendam vigilância nos 
doentes assintomáticos. 
Uma análise interessante realizada por Dias N. et al (74) foi a medição da pressão intra-
saco aneurismático pós-EVAR, associando a pressão elevada intra-saco à expansão 
aneurismática e a baixa pressão à redução aneurismática, referindo que as endoleaks 
pressurizam o saco aneurismático de forma não uniforme, sendo a pressão maior no 
ninho da endoleak, quando comparado com o trombo, e que a pressão no saco 
aneurismático, nos doentes com endoleak tipo II, é menor nos doentes que mostram 
regressão do saco, em relação aos que mostram estabilidade ou que expandem. (75) 
Apesar da monitorização da pressão intrasacular poder constituir um factor fiável da 
eficácia do tratamento endovascular, ela não foi incorporada na prática quotidiana. 
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Assim, para se manter a durabilidade, a segurança e a qualidade do EVAR, existe a 
necessidades de realizar um seguimento imagiológico adequado, devendo ser 
monitorizados o tamanho do saco aneurismático, a integridade estrutural da endoprótese 
e a ocorrência de endoleak. 
Tem sido referido, contudo, que o seguimento imagiológico, nos doentes com AAA 
tratados por EVAR, nos EUA, está abaixo do desejável e que esta é uma área que pode 
e deve sofrer melhorias de qualidade. (76) 
Em Portugal, o tratamento cirúrgico convencional do aneurisma da aorta foi iniciado na 
década de 50, por J. Cid dos Santos (figura 6), com a utilização de uma prótese de 
Dacron,  (77) o qual anteriormente, em 1937, já havia introduzido a Flebografia para estudo 
venoso (78) (79)  e, em 1946, a endarterectomia para o tratamento das obstruções arteriais 
crónicas. (80) 
 
Figura 6 - Cid dos Santos, pioneiro em Portugal no tratamento convencional do AAA com prótese sintética 
 
Na mesma década, Jaime Celestino da Costa, pioneiro em Portugal da cirurgia cardíaca, 
realizou com sucesso uma cirurgia de AAA e veio, posteriormente, a desenvolver a sua 
aplicação à aorta torácica e também no sector periférico (figura 7). 
 
Figura 7 - Cronologia dos aneurismas tratados por J. Celestino da Costa (81) 
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A cirurgia convencional dos aneurismas da aorta tem um desenvolvimento significativo, 
em Portugal, a partir da segunda metade da década de 70 e 80 e passou a ser realizada, 
por rotina, em todos os serviços hospitalares de Cirurgia Vascular, merecendo destaque 
a contribuição original de Dinis da Gama para o tratamento dos aneurismas toraco-
abdominais. (82) 
 No Porto, no Hospital de Santo António, o Serviço de Cirurgia Vascular foi fundado por 
Mário Caetano Pereira (figura 8), em 1972, e a primeira intervenção de reparação 
convencional de um aneurisma da aorta foi realizada, em 1976, pela equipa cirúrgica 
liderada por Moreira da Costa (figura 9). 
 
 
Figura 8 - Mário Caetano Pereira, 
fundador e primeiro Director do Serviço 
de Cirurgia Vascular, do HSA 
 
 
Figura 9 - Primeiro registo de aneurisma tratado por cirurgia convencional, 
no Serviço de Cirurgia Vascular do HSA 
 
 
Em Portugal, o primeiro tratamento endovascular do AAA (EVAR) foi realizado por J. 
Fernandes e Fernandes (figura 10), em Agosto de 1999, que irá realizar, posteriormente, 
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Figura 10 - José Fernandes e Fernandes pioneiro em Portugal, no tratamento endovascular do aneurisma da aorta 
 
Na primeira década do século XXI, vários centros vasculares em Portugal, 
nomeadamente o Hospital de Santa Marta, em Lisboa, (84) os Hospitais da Universidade de 
Coimbra, (85) o Hospital de S. João e o Hospital de Santo António (HSA), (86) no Porto, 
vieram a incorporar esta nova tecnologia terapêutica. 
Em Portugal, como aliás nos EUA e países europeus mais desenvolvidos, o tratamento 
endovascular do aneurisma da aorta abdominal infra-renal foi progressivamente 
substituindo a cirurgia convencional, sendo actualmente, na generalidade dos serviços, o 
método terapêutico mais utilizado. (87) 
Em 1998, efectuámos, no Hospital de Santo António, o primeiro tratamento por via 
endovascular de um aneurisma arterial periférico num doente com um falso aneurisma 
pós traumático da artéria poplítea, sob anestesia local, com colocação de uma 
endoprótese Passenger. Com um seguimento de 17 anos, o doente manteve-se 
assintomático, com um índice tornozelo/braço maior que 1, embora tenha ocorrido a 
oclusão da endoprótese. 
Em 2001, foi iniciado o programa de tratamento endovascular do AAA no HSA, sendo a 
equipa constituída por Rui Almeida e Rui Machado, tendo como supervisores, na fase 
inicial, Jordi Maeso e Valentin Valenzuela, do Hospital Vale d`Hebron em Barcelona e, 
posteriormente, Eric Veroheven de Nurenberg, para a utilização das endopróteses 
fenestradas e ramificadas. 
Apesar dos inúmeros trabalhos publicados sobre EVAR, as indicações clínicas e 
anatómicas mais apropriadas, o tipo de endoprótese e suas melhorias técnicas, as 
complicações associadas a esta tecnologia, nomeadamente a ocorrência de endoleaks e 
endotensão, a necessidade de re-intervenção, a identificação rigorosa de factores 
preditores do insucesso terapêutico e a possibilidade de rotura do aneurisma após EVAR, 
rara mas reconhecida, conduziram-nos a rever a nossa casuística institucional e procurar 
clarificar as seguintes questões: 
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1. Quais as características clínicas e anatómicas da população seleccionada para 
EVAR determinantes do resultado terapêutico imediato e a longo prazo?  
Este estudo permitirá cotejar a nossa experiência com a realidade reflectida nas 
múltiplas publicações e, em especial, nas decorrentes dos estudos multicêntricos 
europeus e norte-americano. 
2. Quais os factores relevantes para a evolução do saco aneurismático pós-EVAR e 
que re-intervenções vasculares foram necessárias? 
3. Quantificar os níveis de exposição à radiação e seus condicionantes decorrentes do 
tratamento endovascular, facto que tem merecido, recentemente, especial interesse da 
comunidade científica, quer para a protecção dos doentes, quer para a dos 
profissionais. 
4. Avaliar a repercussão do tipo de anestesia nos resultados do EVAR. 
5. Qual o impacto do tratamento endovascular na qualidade de vida dos doentes 
tratados?  
6. Apreciar o impacto institucional da introdução do EVAR no tratamento do AAA infra-
renal. 
7. Perspectivar a aplicabilidade do EVAR em doentes com AAA e circunstâncias 
clínicas particulares nomeadamente: 
a- Doentes com transplante renal ou a aguardar a realização de transplante 
renal; 
b- Doentes portadores de infecção pelo vírus da imunodeficiência humana/ 
síndrome de imunodeficiência adquirida (VIH/SIDA); 
c- Doentes nonagenários; 
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2. Aneurisma da Aorta Abdominal – Perspectivas Actuais 
 
2.1. Definição, Causas e Evolução 
 
A aorta abdominal inicia-se ao nível do diafragma e da 12.ª vértebra torácica e localiza-se 
no espaço retroperitoneal, anteriormente e à esquerda da coluna lombar. 
Aproximadamente ao nível da projecção do umbigo e da quarta vértebra lombar, a aorta 
bifurca-se nas artérias ilíacas comum direita e esquerda (figuras 11 e 12). 
 
Figura 11 - Visualização da aorta abdominal em toda a sua 
extensão, efectuada em cirurgia de recessão e 
esvaziamento ganglionar peri-aórtico de tumor do testículo. 
 
 
Figura 12 - Visualização intra-operatória de aneurisma da 
aorta abdominal infra-renal 
 
A definição de AAA corresponde a uma dilatação da aorta com diâmetro maior ou igual a 
3cm, o que corresponde a mais de dois desvios padrões acima do diâmetro médio da 
aorta no homem e na mulher. (88) (89) (90) Outros investigadores consideram a presença de 
aneurisma sempre que o diâmetro aórtico máximo seja 1,5 vezes maior que o valor do 
diâmetro máximo, em sector de aorta normal e imediatamente proximal à dilatação, 
permitindo assim acomodar variação individual. (91) (92) (93) 
A aorta é, de um ponto de vista funcional, um vaso de condução de alta pressão que 
acomoda a energia produzida na sístole cardíaca através da sua distensibilidade, sendo 
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esta limitada pela rede de fibras colagénias existentes na média e na adventícia. Por 
outro lado, na diástole cardíaca a retracção das fibras elásticas (elastic recoil) da parede 
aórtica gera um fluxo bidireccional que provoca proximalmente o encerramento da válvula 
aórtica e perfusão das artérias coronárias e a perfusão distal. 
De um ponto de vista histopatológico, a parede aórtica é constituída por 3 camadas: a 
íntima, a média e a adventícia (figura 13). A túnica íntima nesta artéria é relativamente 
espessa, constituída por uma camada de células endoteliais e a sua membrana basal, 
por uma camada sub-endotelial, constituída de tecido conjuntivo, de células musculares 
lisas, de fibras elásticas e de colagénio e, ainda, de uma membrana limitante elástica 
interna que corresponde, nestas artérias, à lamela elástica mais interna. A túnica média é 
a camada mais espessa da aorta, sendo constituída por camadas de células musculares 
lisas dispostas em espiral ao longo do maior eixo do vaso, alternando com lamelas de 
fibras elásticas dispostas em camadas concêntricas. A matriz extra celular é constituída 
por elastina, colagénio tipo I e III, proteoglicanos e glicosaminoglicanos, sendo sintetizada 
pelas células musculares lisas. Na aorta abdominal, o número de lamelas elásticas é 
menor que na aorta torácica e é maior a razão entre fibras de colagénio/fibras elásticas. 
As fibras de colagénio e as fibras elásticas são fundamentais para a manutenção da 
integridade da parede aórtica, sendo a elastina uma proteína estável com uma semivida 
longa, responsável pela dispersão do stress pela parede aórtica. Na patogénese 
aneurismática, o número de fibras elásticas diminuiu acentuadamente, sendo este facto 
muito mais marcado a nível abdominal, característica da doença. As fibras de colagénio 
são menos distensíveis que as fibras elásticas, mas têm uma capacidade resistência 
superior. Estas fibras são importantes para pressões mais elevadas fornecendo uma 
resistência adicional contra a dilatação. A rotura aneurismática ocorre quando estas fibras 
não conseguem manter a integridade estrutural da parede. As células musculares lisas 
têm também um papel fundamental na fisiologia da parede aórtica, sendo responsáveis 
pela produção dos componentes da matrix extracelular, incluindo a elastina e o colagénio, 
sendo desta forma fundamentais no processo de remodelação da parede aórtica. A 
patogénese aneurismática está também associada a uma diminuição destas células, na 
túnica médica por apoptose, e a uma aparente disfunção das células restantes, com 
produção de metaloproteinases 2 e 9. A túnica adventícia é a camada mais externa, tem 
normalmente menos de metade da espessura da túnica média, sendo constituída por 
fibras de colagénio, fibrolastos, fibras nervosas e vasos sanguíneos, responsáveis pela 
irrigação da metade externa da parede aórtica. Estes vasa vasorum vão diminuindo 
desde a raiz da aorta até à sua bifurcação, tendo este facto sido implicado na patogénese 
aneurismática, embora de forma inconclusiva. 
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Figura 13 - Aorta-artéria elástica - esquema histológico e fotomicrografia com coloração de resorcina-fucsina de Weigert 
(retirado de Ross M. H. e Pawlina W. 2012) 
 
Os mecanismos conducentes ao aparecimento da doença aneurismática e ao 
envolvimento de alguns sectores preferenciais, como a aorta infra-renal, têm sido objecto 
de intensa investigação. A predisposição genética, com redução do número e qualidades 
das fibras elásticas e do tipo de colagénio predominante, foi descrita pela primeira vez 
por Clifton em 1997, (94) mas além das síndromes familiares, só uma mutação no gene do 
procolagénio III foi identificado como contribuindo para o risco de desenvolvimento do 
AAA, num pequeno número de doentes. (95) As condições anatómicas e histológicas 
variáveis ao longo de toda a artéria, as variações hemodinâmicas associadas à 
bifurcação da aorta e ao efeito das múltiplas variações do fluxo arterial dependentes do 
exercício dos membros inferiores, a existência de factores de risco externos para o 
desenvolvimento aneurismático, e a evidência de um processo inflamatório activo na 
parede da aorta aneurismática, constituem objecto de numerosas publicações científicas 
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Figura 14 - Linhas de investigação do estudo 
genético do AAA 
 
 
Figura 15 - Factores de risco, patogénese e evolução do AAA 
 
Adpatado de Lillvis J. H., Lenk G. M. e Kuivaniemi H. 2009 (95) 
 
A importância da inflamação da parede aórtica na patogénese do aneurisma da aorta, 
envolvendo fundamentalmente a túnica média, tem sido associado a múltiplos factores 
iniciadores, como a auto-imunidade (reflectida na infiltração de linfoplasmocitária da 
túnica média), a infecção da parede arterial por Klamydia Pneumoniae, (97) embora várias 
tentativas de modulação da expansão do aneurisma por antibioterapia dirigida terem sido 
inconclusivas. (98) A aterosclerose pode ser um factor potenciador, no qual o tabagismo 
desempenha um papel essencial no processo. (99) 
Sob a influência de factores predisponentes, genéticos e ambientais, inicia-se um 
processo inflamatório muito complexo, que termina com a formação de um aneurisma e 
seu crescimento progressivo. Múltiplos factores foram implicados como desencadeadores 
deste processo, mantendo-se como referido anteriormente, a incerteza sobre o factor 
causal inicial. 
Esta inflamação envolve o recrutamento e proliferação de células inflamatórias crónicas 
(linfócitos T e B, macrófagos, mastócitos, neutrófilos, células dendríticas e plasmócitos) 
na túnica média, sendo este recrutamento efectuado por citoquinas quimiotáxicas, como 
a interleucina 8, o factor quimiotáxico dos monócitos − 1 e a proteína inflamatória  
macrofágica − 1 α. Existe também evidência experimental de que os produtos de 
degradação da elastina estimulam e perpetuam a chamada de células mononucleares e a 
sua activação na parede aórtica. Estes produtos estão elevados no soro de doentes com 
AAA e os seus níveis correlacionam-se com o risco de progressão da doença (figuras 16, 






Aneurisma da Aorta Abdominal - Perspectivas Actuais 
Página | 21 
 
Num terreno geneticamente predisposto e sob a influência de factores de risco (I), ocorre a iniciação da agressão da parede 
aórtica com uma chamada de leucócitos á túnica media (II),dando-se a activação dos macrófagos, com produção e libertação de 
moléculas pró-inflamatórias, prostaglandinas (PG),radicais livres de oxigénio (ROS) e citoquinas (III).Os macrófagos produzem 
também proenzimas de metaloproteinases (pro-MMP) (IV) que são activadas no espaço extracelular a MMP (V). 
Simultaneamente, são também produzidas inibidores tecidulares das metaloproteinases (TIMPs) que podem neutralizar a 
actividade das MMP (VI), mas esta neutralização é insuficiente para impedir a degradação das proteínas estruturais da matriz 
(elastina e colagénio) (VII). Ao longo dos anos, a degradação da elastina, o aumento da turbulência do fluxo e a tensão elevada 
na parede, levam a uma dilatação progressiva da parede aórtica (VIII). A degradação associada do colagénio enfraquece também 
a parede aórtica (IX) e embora as células musculares lisas (SMCs) e os fibroblastos possam promover a sua reparação, a 
apoptose e a senescência levam também a uma diminuição das SMCs (X) e o colagénio da matriz torna-se desorganizado (XI). O 
tecido aneurismático mostra uma infiltração de linfócitos T e B, plasmócitos e células dendríticas e uma deposição local de 
imunoglobulinas, refletindo uma resposta imune humoral e celular (XII). A compreensão do mecanismo imune celular adaptativo 
no aneurisma da aorta abdominal revela que diferentes tipos de células T (T-helper tipo I (TH1) versus TH2) interagem com os 
macrófagos para promover ou suprimir a degenerescência aneurismática, num balanço entre produção de moléculas pro-
inflamatórias (XIII) e anti-inflamatórias (XIV). Algumas citoquinas produzidas pelo tecido aneurismático como a interleucina-6 (IL-
6) e o interferão gama (IFN- g) podem ter funções opostas dependendo do contexto específico (XV).TGF-B, factor de crescimento 
transformador, TNF-@factor de necrose tumoral @, EDPs – produtos de degradação da fibrina. 
 
Figura 16 - Fisiopatologia do desenvolvimento do AAA (retirado e adaptado de Airhart N. e Curci J. A. 2014) (100) 
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1- Cristais de colesterol 
2- Lâmina elástica interna diminuída e desagregada 
3- Infiltrado inflamatório linfoplasmocitário 
4- Fibra nervosa 
5- Vaso sanguíneo 
6- Ausência de lâmina elástica interna 
Figura 17 - Exame histopatológico de parede aneurismática de aneurisma operado pelo autor. Imagem com ampliação de 




Figura 18 - Visualização intra-operatória da parede interna do AAA 
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O risco de falência mecânica da parede do aneurisma tem sido estudado com as 
modernas técnicas de imagem, baseadas na tomografia computorizada e ressonância 
magnética nuclear, procurando identificar alterações segmentares do fluxo sanguíneo e 
da pressão transmural que pudessem estar associadas à expansão do aneurisma e 
rotura potencial. (101) Contudo, nenhuma destas investigações foi incorporada na prática 
clínica diária. 
De facto, a mortalidade global nos doentes com rotura de aneurisma da aorta é superior a 
90% sem tratamento cirúrgico, convencional ou endovascular, e a intervenção terapêutica 
tem permitido melhorar a sobrevivência reduzindo a mortalidade para valores 
compreendidos entre 30% e 50%. (102) 
Esta é uma questão importante de Saúde Pública, particularmente nas sociedades mais 
desenvolvidas e com maior esperança de vida. Nos EUA, a rotura de aneurisma da aorta 
é a décima quinta causa de morte global e, nos homens com idade superior a 55 anos, a 
décima causa de morte. (103)  
A prevenção da rotura, pelo diagnóstico precoce e intervenção terapêutica eficaz, 
constitui um objectivo importante nas políticas públicas de Saúde, tendo como objectivo 
prioritário a redução de mortalidade evitável e prolongamento da sobrevivência das 
populações. 
Vários estudos demonstraram, de forma inequívoca, que o risco de rotura num aneurisma 
da aorta é essencialmente determinado pelo seu diâmetro máximo. 
Outros factores potenciadores da prevalência do aneurisma da aorta são a idade 
avançada, raça caucasiana, história de tabagismo, sexo masculino, história familiar, a 
hipertensão arterial, níveis elevados de colesterol, doença coronária obstrutiva e doença 
arterial obstrutiva periférica. (104) 
De todos estes factores, o que parece estar associado a um incremento significativo da 
progressão do aneurisma é a presença e duração de hábitos tabágicos, (105) (106) (107) (108) (109) (110) 
(111) (112) (113)
 pelo que tem sido recomendada a sua suspensão, a qual aparece associada a 
20-30% de redução da sua taxa de crescimento. (114) O diagnóstico de AAA pode e deve 
ser uma forte motivação para a cessação tabágica. (115) 
A presença de história familiar também parece ser um factor de risco importante para o 
aparecimento de aneurisma da aorta: 12% a 19% dos doentes tratados têm um familiar 
em 1.º grau com a doença (116) (117) (118) e um estudo sueco recente mostrou que o risco de 
desenvolver um AAA, num familiar em 1.º grau é o dobro em relação ao grupo sem 
relação familiar. (119) 
No entanto, de todos os diferentes factores de risco para a progressão e rotura do 
aneurisma, é o diâmetro máximo do aneurisma aquele que tem maior relevância, como 
tem sido comprovado em múltiplos estudos publicados nas últimas décadas, (120) (121) (122) (123) (124) 
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(125) (126) (127) (128)
 o sexo feminino, (121) (122) (123) (124) o tabagismo, (129) a hipertensão (121) (122) (123) e a taxa 
de expansão aneurismática. (130) (122) (128) (131) (132) (133) A presença de maior risco de progressão do 
aneurisma da aorta em doentes submetidos a transplantação de órgãos, contrariando a 
observação em estudos animais, pode evidenciar a importância dum mecanismo 
inflamatório persistente ou a toxicidade directa da terapêutica imuno-supressora. (134) 
O exame físico isolado é insuficiente para o seu diagnóstico; apenas permitiu o 
diagnóstico em 76% dos AAA, com diâmetro superior a 5cm e em 29% dos casos com 
diâmetro inferior a 5cm. (135) (136) (137) 
O Multicentre Aneurysm Screening Study (MASS), realizado de 1997 a 1999, com os 
primeiros dados publicados em 2002 (138) e os últimos em 2012, (139) demonstrou que a 
prevalência global do AAA, numa população compreendida entre os 65 e os 74 anos, foi 
de 4,9% e que uma política activa de rastreio, com ultra-sonografia abdominal, permitiu 
um incremento para o dobro dos doentes tratados electivamente, a redução para metade 
dos procedimentos de urgência, em comparação com o grupo de controlo, no qual não 
tinha sido realizada ultra-sonografia, e uma redução de 42% no risco de morte. 
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2.2. Indicações para Tratamento 
 
O indicador claramente associado ao risco de rotura, e que tem servido de critério clínico 
para o tratamento cirúrgico, é o diâmetro aneurismático máximo medido no sentido 
antero-posterior ou transversal, por método de imagem (quadro 1). 
 
Quadro 1 - Risco de rotura e diâmetro aneurismático 
Diâmetro aórtico (cm) Risco de rotura (%/ano) 






Adaptado de Schermerhorn e Cronenwett (2001) (140)  
 
 A Society for Vascular Surgery (SVS) (141)definiu nas respectivas Guidelines, como 
indicações formais para intervenção terapêutica imediata: aneurismas saculares, 
aneurismas sintomáticos, aneurismas fusiformes com diâmetro superior a 5,4cm, sendo 
que em doentes jovens saudáveis, especialmente se mulheres, pode ser benéfico o 
tratamento de aneurismas com diâmetro acima de 5cm de diâmetro. A European Society 
for Vascular Surgery (ESVS) (142)definiu como indicações formais para terapêutica 
imediata: aneurismas fusiformes com diâmetro superior a 5,5cm no homem e 5,2cm na 
mulher e refere que pacientes com elevado risco de rotura, nomeadamente mulheres, 
fumadores, hipertensos e com doença pulmonar obstrutiva crónica (DPOC), poderão 
beneficiar de tratamento a partir de diâmetros superiores a 5cm. 
O limite de 55mm foi definido em dois estudos prévios: The aneurysm detection and 
management study screening program – ADAM (143) e o United Kingdom Small Aneurysm 
Trial – UKSAT, (144) (145) que compararam o tratamento cirúrgico imediato com o seguimento 
clínico em doentes com aneurismas de diâmetro entre 4cm e 5,4cm, analisando 
sobrevivência global, risco de rotura e necessidade de intervenção subsequente. 
No estudo ADAM, a mortalidade global foi de 25,1% e 21,5%, respectivamente, sem 
variação estatisticamente significativa, a mortalidade cirúrgica aos 30 dias foi 
respectivamente de 2,1% e 1,8%, no grupo tratado imediatamente e no de seguimento, a 
taxa de rotura anual foi de 0,6% no grupo de seguimento e, 61,6% dos doentes seguidos 
clinicamente, foram submetidos a tratamento cirúrgico, posteriormente. 
Os resultados, aos 12 anos, do estudo UKSAT revelaram uma mortalidade global no 
grupo de cirurgia imediata de 64,3% versus 67,3% no grupo de seguimento, uma 
mortalidade cirúrgica aos 30 dias de 6,3% e 5,6%, respectivamente, uma taxa de rotura 
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anual no grupo de seguimento de 1% ao ano e um custo acrescido de 17% no grupo de 
seguimento. 
No entanto, três quartos dos pacientes (75%), no grupo de seguimento, foram 
submetidos a tratamento cirúrgico durante o follow-up, facto este que suscitou 
controvérsia na interpretação das conclusões do estudo. 
A questão crucial é, no entanto esta: Mantém-se a adequação destes estudos perante os 
resultados actuais do tratamento endovascular (EVAR), com uma redução significativa da 
mortalidade aos 30 dias, face à cirurgia convencional utilizada nos dois estudos, ADAM e 
UKSAT? 
Dois estudos multicêntricos randomizados foram realizados para tentar esclarecer esta 
questão: o estudo Positive Impact of Endovascular Options for Treating Aneurysms Early 
– PIVOTAL (146) e o Comparison of Surveilance versus Endografting for Small Aneurysm 
Repair – CAESAR. (147) (148) 
O estudo CAESAR, realizado no período entre 2004 e 2008, demonstrou o seguinte: a 
mortalidade global aos 54 meses foi 14,5% versus 10,1% no grupo não tratado; a 
mortalidade e morbilidade aos 30 dias foi de 0,6% e 17,7% no grupo EVAR; e a 
progressão dos aneurismas em 8,4% no grupo EVAR versus 67,5% no grupo não tratado, 
o que implicou uma probabilidade de intervenção de 59,7% aos 3 anos e 84,5% aos 5 
anos, tendo 16,5% dos doentes perdido adequação da anatomia para EVAR. 
A conclusão foi interessante: a mortalidade e risco de rotura dos aneurismas da aorta 
abdominal, com menos de 55mm de diâmetro, é baixa e não foi observada vantagem no 
tratamento precoce com EVAR, em relação ao seguimento e vigilância. Contudo, aos 36 
meses, 3 em 5 dos pequenos aneurismas em vigilância podem crescer e necessitar de 
tratamento, e 1 em cada 6 aneurismas pode perder capacidade para a realização do 
EVAR. 
O estudo PIVOTAL evidenciou resultados comparáveis: mortalidade aos 30 dias de 0,3% 
e 0,9%, a mortalidade relacionada com o aneurisma foi de 0,5% e 0,3% e a taxa de re-
intervenções foi de 3,7% e 4,6%, respectivamente, e a taxa de conversão para cirurgia foi 
de 30%, no grupo de seguimento, concluindo que, não obstante ambas as alternativas 
parecerem ser seguras, os resultados obtidos no mundo real poderão ser menos 
favoráveis, pelo que não haveria indicação para mudar a indicação terapêutica. 
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2.3. Estratégia Terapêutica – Critérios Actuais  
 
A técnica cirúrgica convencional preconizada por Creech Jr. O., (24) realizada com 
dissecção mínima, ressecção parcial do aneurisma, laqueação intra-sacular das artérias 
lombares e reconstrução da continuidade arterial por enxerto protésico, foi incorporada na 
praxis cirúrgica habitual para o tratamento do AAA. Desde o primeiro tratamento 
endovascular (EVAR), realizado por J. Parodi, em 1990 – que utilizou uma endoprótese 
por si construída –, até aos dias de hoje, ocorreram múltiplas inovações tecnológicas, 
nomeadamente na estrutura, fixação, conformabilidade, perfil e durabilidade das 
endopróteses, que 25 anos depois, confirmaram o EVAR como opção primária nos 
doentes com anatomia favorável, reduzindo progressivamente o âmbito da cirurgia 
convencional. (47) (149) (150) (68) (151) (47) (152) (153) (154) (155) (156) (157) 
Em 2008 nos EUA, cerca de 80% dos aneurismas foram tratados por via endovascular. (87) 
Schwarze M.L. et al (158) mostraram que, quando se observa o tipo de tratamento em 
função da idade, mantém-se a predominância do EVAR em todos os grupos etários, 
nomeadamente nos grupos com idade inferior a 65 anos e entre 65 e 74 anos. 
A participação informada do doente na decisão terapêutica constitui um factor relevante e 
de importância crescente na selecção da metodologia de tratamento, facto que tem sido 
evidenciado nalguns estudos que procuraram identificar quais os critérios mais relevantes 
na opção do doente. A redução da mortalidade e a diminuição do risco de falência de 
órgão são mais importantes que as incisões cirúrgicas, o risco de disfunção sexual e a 
necessidade de monitorização pós-operatória. (159) 
A necessidade de aderir a um programa regular de seguimento clínico e imagiológico faz 
parte integrante da metodologia EVAR, sendo necessário um empenhamento individual e 
capacidade institucional para o conseguir. Garg T. et al (160) fizeram a análise da adesão a 
este protocolo em 9.695 pacientes da Medicare, com um follow-up médio de 6,1 anos, 
tendo concluído que apenas 43% dos doentes, com follow-up médio de 3,4 anos, 
completavam o protocolo estabelecido, e 57,6% não compareciam aos exames de 
seguimento prescritos. O impacto destes dados na durabilidade do procedimento EVAR e 
na incidência de complicações e necessidade de re-intervenção necessitará de estudos 
adicionais, para determinar se a variabilidade no seguimento influi nos resultados a longo 
termo. (160) 
O impacto de factores sócio-económicos e de distribuição geográfica dos doentes, na 
opção terapêutica numa região de 1,9 milhões de habitantes, onde o tratamento foi 
centralizado, foi apreciado por Faulds J. et al. (161) No período de 2005 a 2010, foram 
analisados 1.243 doentes (46,8% tratados por EVAR e 53,2% por cirurgia convencional), 
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verificando-se que a mortalidade foi de 2% e 3,6%, que o EVAR foi utilizado com maior 
frequência nos doentes de estrato sócio-económico mais elevado, e que, distância ao 
hospital e proveniência de área rural ou urbana não eram condicionantes da estratégia 
terapêutica. 
Outros factores têm sido reconhecidos como relevantes na qualidade dos resultados 
terapêuticos, mais ainda do que a técnica utilizada, nomeadamente a experiência 
institucional e do cirurgião. (162) Em hospitais com baixo volume anual – menos de 17 
casos/ano – a mortalidade era de 7,8% versus 4,4% em instituições com mais de 79 
casos/ano. (163) 
Para além dos resultados individuais ou de séries institucionais, foi decisiva para a 
melhor indicação terapêutica no AAA a publicação de três estudos randomizados 
multicêntricos, nomeadamente o estudo Comparison of Endovascular Aneurysm Repair 
with Open Repair in patients with abdominal aortic aneurysm (EVAR 1), realizado no 
Reino Unido, (164) (165) o estudo Randomized Trial comparing Conventional and Endovascular 
Repair of abdominal aortic aneurysm (DREAM), realizado na Holanda (166) (167) e o estudo 
Outcomes following Endovascular versus Open Repair of abdominal aortic aneurysm: a 
randomized trial (OVER), (168) (169) realizado nos EUA os quais permitiram uma avaliação 
comparativa evidence-based, entre as duas modalidades terapêuticas possíveis no 
tratamento do AAA infra-renal. 
A análise comparativa destes três estudos permitiu as seguintes conclusões: 
1. Redução consistente e significativa da mortalidade hospitalar  
1,7% vs 4,7% EVAR 1 
1,2% vs 4,6% DREAM 
0,5% vs 3,0% OVER 
2. Manutenção do benefício inicial de EVAR aos 4 anos na sobrevivência global 
dos doentes − EVAR 1 
3. Diminuição da mortalidade dependente do AAA aos 8 anos − EVAR 1 
4. Maior frequência de re-intervenções no grupo submetido a EVAR, em 
comparação com a cirurgia convencional − EVAR 1 e DREAM 
5. Maior custo global do EVAR em relação à cirurgia convencional: procedimento e 
re-intervenções − EVAR 1 e DREAM 
6. Ausência de diferença significativa na Qualidade de Vida após o primeiro ano 
7. Sobrevida a longo prazo semelhante − EVAR 1, DREAM e OVER 
 
Em publicação mais recente, Veith F. et al (170) chamaram a atenção para o facto de que os 
resultados destes estudos estavam contaminados pela utilização de endopróteses 
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antiquadas e abandonadas no uso clínico, que algumas complicações e critérios de re-
intervenção são actualmente melhor compreendidos e definidos, e que nos 22 casos de 
rotura reportados no estudo EVAR1, em 17 doentes, as complicações não foram tratadas 
atempadamente, podendo ter sido evitado o episódio de rotura. 
Apenas um estudo randomizado multicêntrico, o estudo A randomized controlled trial of 
endovascular aneurysm repair versus open surgery for abdominal aortic aneurysms in 
low-to moderate-risk patients (ACE), realizado em França, não apresentou redução 
significativa da mortalidade precoce que foi de 1,3% no grupo EVAR e 0,8% no grupo de 
cirurgia convencional. (171) 
Um aspecto muito relevante, na introdução duma nova tecnologia terapêutica, é a 
apreciação da relação custo/benefício, indispensável à sua incorporação na prática 
clínica. 
Stroupe K.T. et al (172) analisaram os resultados do estudo OVER, em relação ao custo por 
anos de vida ganhos e na relação custo/efectividade, tendo referido que o custo cirúrgico 
foi superior no EVAR, consequência do preço mais elevado da endoprótese, mas o 
tempo de internamento e de estadia na Unidade de Cuidados Intensivos (UCI) foi inferior 
no EVAR. Os custos totais em saúde, 2 anos após randomização, foram semelhantes. A 
análise da qualidade de vida, medida pelo EQ-5D, não revelou diferenças significativas 
de base, aos 6 meses, ao 1 ano e aos dois anos, sendo os anos de vida ganhos de 1,78 
no EVAR e de 1,74 na cirurgia convencional. Quando a qualidade de vida foi combinada 
com os anos de vida ganhos, os doentes tratados por EVAR tiveram 1,462 QALYs e os 
tratados por cirurgia convencional 1,461 QALYs.  
Matsumura J.S. et al (173)analisaram o impacto financeiro do tipo de endoprótese utilizada 
no estudo OVER e notaram que, aos 2 anos, o custo total do procedimento não foi 
significativamente diferente entre o EVAR e a cirurgia convencional. No EVAR, o custo da 
endoprótese variou entre 13.600 e 14.400 dólares, o custo do internamento inicial variou 
entre 34.800 e 38.900 dólares, o custo global dos cuidados de saúde, aos 2 anos, variou 
entre 72.400 e 82.100 dólares (menos 3.200 a 8.300 dólares no EVAR em relação à 
cirurgia convencional), não tendo esta diferença significado estatístico. O custo da 
endoprótese representou 38% do custo de hospitalização inicial. A avaliação do custo 
individualizado, relacionado com o tipo de endopróteses utilizadas (Zenith, Excluder e 
AneuRx), não teve significado no custo global do EVAR.  
A análise critica destes estudos suscita algumas limitações: 
1º Reprodutibilidade no mundo real e nas experiências individuais/institucionais, as 
quais tendem a incorporar situações mais complexas, para além dos critérios 
rigorosos de selecção em vigor nos estudos randomizados. 
2º Incorporação de novas tecnologias e em particular novas endopróteses 
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3º Experiência dos centros que integram este tipo de estudos, com frequência 
substancialmente menor, em relação a séries institucionais ou individuais. 
4º Heterogeneidade na decisão terapêutica, em particular no timing das re-
intervenções, facto claramente ilustrado no estudo EVAR 1, no qual, o deferimento 
da intervenção precoce de complicações detectadas em 17 doentes poderiam ter 
prevenido as roturas subsequentes. 
O estudo Endovascular Repair of Aneurysms in patients physically ineligible for Open 
Repair (EVAR 2), também um estudo randomizado multicêntrico, realizado no Reino 
Unido, mostrou que a sobrevida nos doentes de alto risco, sem condições para cirurgia 
convencional, não era significativamente beneficiada pelo tratamento endovascular. 
Apenas um terço dos pacientes sobrevivia mais de 4 anos nos dois grupos, e embora a 
taxa de rotura aneurismática fosse inferior no grupo tratado, a maior frequência de 
complicações e necessidade de re-intervenção condicionavam o benefício e o custo 
global do tratamento. (174) 
Contudo, Lim S. et al (157)analisaram 247 pacientes considerados de alto risco, aplicando 
os mesmos critérios do estudo EVAR 2, sendo os resultados comparados com este. A 
mortalidade peri operatória foi de 0% nos doentes de alto risco e de 1,2% nos de baixo 
risco cirúrgico e no EVAR 2 foi de 9%. A taxa de complicações precoces foi de 4% nos 
doentes de alto risco e de 6% nos doentes de baixo risco. A taxa de re-intervenções foi 
de 7% nos doentes de alto risco e de 10% nos de baixo risco. A taxa de sobrevida aos 1, 
2 e 4 anos foi de 85%, 77% e 65%, substancialmente diferente dos 36% mencionados no 
estudo no EVAR 2. 
Assim, os resultados obtidos no estudo EVAR 2 são conflituosos com outros resultados 
publicados, sendo uma crítica pertinente, a este estudo, o elevado tempo que mediou 
entre a randomização e a realização do tratamento, a elevada percentagem de doentes 
que cruzou a indicação de seguimento para a intervenção e os piores resultados obtidos 
no EVAR, em doentes randomizados e submetidos a tratamento inicialmente, em relação 
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Foi criada uma base de dados original constituída pelos registos de 228 pacientes 
tratados de aneurisma da aorta e artérias ilíacas, no período de 12/2001 a 12/2013. 
Destes, 171 doentes correspondiam aos pacientes com diagnóstico de aneurisma da 
aorta infra-renal. Assim, a base de dados compreendeu o registo das variáveis originais e 
variáveis transformadas, num total de 235 variáveis, ou seja, um total de 40.185 células; 
incluindo estas células também os casos omissos. A base de dados, para além das 
variáveis que permitem a identificação do doente (número de processo), inclui variáveis 
antropométricas (peso, estatura, sexo, escolaridade e idade). As restantes variáveis para 
cada doente definem o tipo de aneurisma, a etiologia, a morfologia, o diâmetro 
aneurismático, o comprimento do colo, a angulação do colo, o diâmetro do colo, a 
morfologia do colo, a calcificação do colo, o trombo do colo, o diâmetro da aorta supra e 
infra-renal, o diâmetro das artérias ilíacas comuns e externas, a tortuosidade e 
calcificação das artérias ilíacas, o diâmetro e a permeabilidade das artérias ilíacas 
internas. Acresce, ainda, a informação sobre a radiação a que cada doente foi sujeito, o 
tempo de fluoroscopia utilizado, o tipo de prótese e o acesso para a sua colocação. Para 
cada paciente estão também registadas as doenças associadas (cardíaca, respiratória, 
renal, neurológica, hematológica ou oncológica), e quais os factores de risco de 
aterosclerose aórtica (tabagismo, dislipidemia, diabetes mellitus, doença cerebrovascular, 
doença arterial periférica), bem como a função eréctil. As variáveis mais relacionadas 
com a intervenção incluem a indicação para realização do EVAR, a classificação ASA, o 
tipo e duração da anestesia, o tempo cirúrgico, a informação sobre o estudo analítico pré 
e pós-operatório (hemoglobina, leucócitos, plaquetas e proteína C reactiva), as unidades 
de glóbulos rubros transfundidas, o número de dias de internamento (total, em unidade 
de cuidados intermédios e em UCI), registos de complicações intra, per e pós operatórias. 
Para cada doente está também registada a informação, ao longo do tempo em que foi 
seguido, nomeadamente, a data de observação, o diâmetro do aneurisma, o tipo de 
endoleak, re-intervenções realizadas e suas causas. 
Para efeitos de comparação, foi criada uma base de dados com a informação sobre 
doentes sujeitos a cirurgia convencional de aneurisma da aorta abdominal infra-renal, que 
compreendeu 121 doentes, com 42 variáveis que, para além de caracterizarem o sujeito, 
registam o tipo de aneurisma (morfologia, etiologia, diâmetro), doenças associadas e 
factores de risco de aterosclerose aórticos, tempos anestésicos, operatórios e de 
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internamento, complicações intra, per e pós operatórias, bem como a ocorrência de re-
intervenções e a sua causa. 
 
Estatística descritiva 
Numa primeira fase, foi realizada uma análise descritiva das bases de dados para 
caracterizar as escalas de medida das diversas variáveis (qualitativa ou quantitativa), 
eventuais transformações e, no caso das variáveis contínuas, aferir a forma da sua 
distribuição e expurgar as bases de eventuais erros. Esta análise permitiu, assim, 
caracterizar as amostras dos doentes das duas bases de dados. 
 
Métodos estatísticos 
A normalidade da distribuição das variáveis contínuas foi avaliada pelo teste de 
Kolmogorov-Smirnov. A comparação entre dois grupos de doentes foi baseada no teste t 
de Student para as variáveis que seguiam aproximadamente uma distribuição normal e 
pelo teste de Mann-Whitney-Wilcoxon, no caso em que os pressupostos da normalidade 
ou igualdade das variâncias não eram observados. A comparação de mais de dois 
grupos foi baseada na Análise da Variância e pelo teste de Kruskal-Wallis, quando os 
pressupostos da normalidade e homogeneidade das variâncias não se verificavam. A 
análise da evolução dos diâmetros dos aneurismas, o longo tempo, foi realizada testando 
diversos modelos de regressão, nomeadamente modelos quadráticos do tempo. 
No que concerne às variáveis categóricas, a hipótese de independência foi avaliada pelo 
teste de Qui-quadrado ou pelo teste exacto de Fisher. 
Todas as análises estatísticas foram realizadas recorrendo ao software IBM SPSS 
Statistics (version 22). A significância estatística foi definida para valores de prova 





A presente casuística clínica é baseada em 292 pacientes tratados electivamente de 
aneurisma da aorta infra-renal, no período de 12/2001 a 12/2013. A indicação utilizada, 
como referência para realizar tratamento cirúrgico, foi: aneurisma da aorta fusiforme com 
diâmetro superior a 5cm; aneurisma da aorta fusiforme com diâmetro inferior a 5cm se o 
diâmetro da artéria ilíaca comum fosse superior a 3cm; aneurisma sacular; aneurisma 
dissecante ou pseudoaneurisma. Destes, 171 doentes correspondiam aos pacientes 
tratados de aneurisma aórtico infra-renal por via endovascular que designamos por grupo 
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A e 121 doentes correspondiam aos doentes tratados por cirurgia convencional que 





Caracterização dos grupos A e B 
 
3.2.1. Características clínicas 
 
a) A idade e o sexo 
 
A idade média dos doentes do grupo A foi de 74,12 ± 8,9 anos, com uma mediana de 75 
anos, um mínimo de 38 anos e um máximo de 93 anos. 
A idade média dos doentes do grupo B foi de 69,6 ± 8,7 anos, com uma mediana de 70 
anos, um mínimo de 46 anos e um máximo de 88 anos (quadro 2). 
A distribuição por sexo revelou que, no grupo A, 94,2% dos doentes era do sexo 
masculino e 5,8% do sexo feminino e, no grupo B, 95% dos doentes era do sexo 
masculino e 5% do sexo feminino (gráfico 1). 
 
Quadro 2 - Idade dos doentes dos grupos A e B 
 Média Desvio padrão Mediana Mínimo Máximo 
Grupo A 74,12 8,9 75 38 93 
Grupo B 69,6 8,7 70 46 88 
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b) Índice de massa corporal 
 
A análise do Índice de Massa Corporal (IMC) revelou que, nos doentes do grupo A, o 
valor médio foi de 26,5 Kg/m2, com uma mediana de 25,9 Kg/m2, um desvio padrão de 
3,9 Kg/m2, um mínimo de 17,8 Kg/m2 e um máximo de 42,5 Kg/m2. 
Quando se efectuou uma divisão da população tratada em três grupos, observou-se que, 
no grupo A, 41,3% tinha um IMC inferior a 25 Kg/m2, 38% um IMC entre 25 Kg/m2 e 30 
Kg/m2 e 20,7% um IMC superior a 30 Kg/m2. 
No grupo B, 39,3% tinha um IMC inferior a 25 Kg/m2, 44,9% um IMC entre 25 Kg/m2 e 30 
Kg/m2 e 15,9% um IMC superior a 30 Kg/m2 (quadro 3). 
 
Quadro 3 - IMC por grupos (< 25 kg/m2; 25-30 kg/m2; > 30 kg/m2) 
IMC Grupo A Grupo B 
< 25 Kg/m2 41,3% 39,3% 
25-30 Kg/m2 38,0% 44,9% 




c) Análise dos factores de risco de aterosclerose 
 
No grupo A, observou-se que 84,2% dos doentes era hipertenso arterial (HTA), 16,5% 
era fumador activo, 58,8% era ex-fumador, 67,6% era dislipidémico, 18,2% era diabético, 
19,4% tinha doença cerebrovascular e 18,2% tinha doença arterial obstrutiva periférica 
(quadro 4). 
No grupo B, observou-se que 87% dos doentes era hipertenso arterial (HTA), 31,6% era 
fumador activo, 57% era ex-fumador, 61,4% era dislipidémico, 11,4% era diabético, 
10,5% tinha doença cerebrovascular e 19,3% tinha doença arterial obstrutiva periférica 
(quadro 4). 
 
Quadro 4 - Factores de risco de aterosclerose nos doentes dos grupos A e B 
Factores de risco de aterosclerose Grupo A Grupo B 
Hipertensão arterial 84,2% 87% 
Tabagismo activo 16,5% 31,6% 
Tabagismo passado 58,8% 57% 
Dislipidemia 67,6% 61,4% 
Diabetes mellitus 18,2% 11,4% 
Doença cerebrovascular 19,4% 10,5% 
Doença arterial obstrutiva periférica 18,2% 19,3% 
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Na análise da associação de factores de risco ateroscleróticos, dividida em: sem factores 
de risco, 1 a 2 factores de risco, 3 a 4 factores de risco e superior ou igual a 5 factores de 
risco, observou-se que, no grupo A, 9,4% dos doentes não tinha factores de risco, 25,1% 
tinha 1 a 2 factores de risco, 55% tinha 3 a 4 factores de risco e 10,5% tinha 5 ou mais 
factores de risco (quadro 5). 
No grupo B, observou-se que 21,9% não tinha factores de risco, 38,6% tinha 1 a 2 
factores de risco, 38,6% tinha 3 a 4 factores de risco e 0,9% tinha 5 ou mais factores de 
risco (quadro 5). 
 
Quadro 5 - Associação de factores de risco de aterosclerose nos doentes dos grupos A e B 
Associação de factores de 
risco de aterosclerose Grupo A Grupo B 
Sem factores de risco 9,4% 21,9% 
1 a 2 factores de risco 25,1% 38,6% 
3 a 4 factores de risco 55% 38,6% 








A análise da doença cardíaca, pela sua importância e diferentes características, foi 
subdividida em quatro grupos que analisamos individualmente. 
No grupo A, a doença cardíaca isquémica (DCI) existia em 53% dos doentes, a doença 
valvular cardíaca (DVC) existia em 27%, a insuficiência cardíaca congestiva (ICC) existia 
em 45% e a disritmia cardíaca (DC) existia em 37,2% dos doentes. 
No grupo B, a DCI existia em 40,4% dos doentes, a DVC existia em 4,4%, a ICC existia 
em 20,2% e a DC existia em 12,4% dos doentes (quadro 6). 
 
Quadro 6 - Doença cardíaca 
 Grupo A Grupo B 
 
com sem com sem 
DCI 53% 47% 40,4% 59,6% 
DVC 27% 73% 4,4% 95,6% 
ICC 45% 55% 20,2% 79,8% 
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Doença pulmonar 
 
Na análise da doença pulmonar, observou-se, no grupo A, a sua existência em 25,5% 
dos doentes, correspondendo a 24,1% de doentes com DPOC, 5,6% com insuficiência 
respiratória e 0,6% com outras doenças (quadro 7). 
No grupo B, a análise da doença pulmonar demonstrou a sua existência em 24,8% dos 
doentes, correspondendo a 24,8% de doentes com DPOC e 0,8% com insuficiência 
respiratória (quadro 7). 
 
Quadro 7 - Doença pulmonar 


















Insuficiência respiratória 5,6% 0,8% 
Outras doenças 0,6% 0% 
 





Na análise da doença renal, observou-se que, no grupo A, 58,4% dos doentes não tinha 
doença renal, 26,5% dos doentes tinha insuficiência renal crónica, definida como 
creatinina superior a 1,2 mg/dl, 2,5% tinha insuficiência renal crónica terminal realizando 
terapêutica de substituição por diálise peritoneal ou hemodiálise, 2,4% tinha insuficiência 
renal crónica terminal tratada com transplante renal, 6% dos doentes tinha litíase renal e 
4,4% tinha outras doenças renais. 
No grupo B, a análise da doença renal revelou que 90,9% dos doentes não tinha doença 
renal, 7,4% dos doentes tinha insuficiência renal crónica, definida como creatinina 
superior a 1,2 mg/dl, 0% tinha insuficiência renal terminal, realizando terapêutica de 
substituição por diálise peritoneal ou hemodiálise, 0,8% tinha insuficiência renal crónica 
terminal tratada com transplante renal e 0,8% dos doentes tinha litíase renal (quadro 8). 
 
Quadro 8 - Doença renal 
Doença renal Grupo A Grupo B 
Sem doença renal 58,4% 90,9% 
Insuficiência renal crónica 26,5% 7,4% 
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e) Disfunção eréctil no grupo A 
 
Definimos disfunção eréctil como a incapacidade de obter uma erecção que permitisse 
uma penetração vaginal satisfatória. A análise da nossa população revelou que, no grupo 
A, 45,6% dos doentes tinha disfunção eréctil e 54,4% tinha função eréctil (quadro 9). 
 
Quadro 9 - Disfunção eréctil 
 Percentagem de doentes 
Disfunção eréctil 45,6% 




f) Classificação ASA 
 
Na classificação dos doentes, segundo a classificação da American Society of 
Anesthesiologists (ASA), definida em seis classes, nomeadamente classe I, doente 
saudável, classe II, doente com doença sistémica ligeira, classe III, doente com doença 
sistémica severa, classe IV, doente com doença sistémica severa que representa um 
risco para a vida, classe V, doente moribundo em que não é expectável que sobreviva 
sem a cirurgia e a classe VI, doente declarado com morte cerebral, observou-se que no 
grupo A, 15,4% dos doentes foi classificado como ASA II, 71% como ASA III, 13% como 
ASA IV e 0,6% como ASA V. 
No grupo B, 30,3% dos doentes foi classificada como ASA II, 62,4% como ASA III, 7,3% 
como ASA IV e 0% como ASA V (quadro 10). 
 
 
Quadro 10 - Classificação ASA 
 Grupo A Grupo B 
ASA II 15,4% 30,3% 
ASA III 71% 62,4% 
ASA IV 13% 7,3% 
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3.2.2. Características do aneurisma aórtico  
 
a) Etiologia, tipologia e morfologia aneurismática 
 
No grupo A, quanto à etiologia, pudemos observar que 92,9% foram classificados como 
degenerativos, 2,4% como inflamatórios, 2,4% como dissecantes, 1,2% como infecciosos, 
0,6% como úlcera penetrante e 0,6% como outros (quadro 11 e figura 19). 
No grupo B, pudemos observar que 97,3% foram classificados como degenerativos, 2,7% 
como inflamatórios e 0% como outros (quadro 11). 
 
Quadro 11 - Etiologia do AAA 
Aneurisma Grupo A Grupo B 
Degenerativos 92,9% 97,3% 
Inflamatórios 2,4% 2,7% 
Dissecantes 2,4% 0% 
Infecciosos 1,2% 0% 
Úlcera penetrante 0,6% 0% 
Outros 0,6% 0% 
 
 
Figura 19 - Etiologia aneurismática 
 
 
No grupo A, a distribuição anatómica destes aneurismas (figura 20) foi de aneurismas 
aórticos isolados, em 65,5%, aneurismas aorto-ilíacos bilaterais em 11,7%, aneurismas 
aorto-ilíaco direito em 15,2% e aneurismas aorto-ilíaco esquerdo em 7,6% dos casos 
(quadros 12 e 13). Em relação à morfologia dos aneurismas, observou-se que 94,7% era 
fusiforme e 5,3% era sacular. 
No grupo B, a distribuição anatómica destes aneurismas (figura 21) foi de aneurismas 
aórticos isolados, em 80,2%, aneurismas aorto-ilíacos bilaterais em 9%, aneurismas 
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aorto-ilíaco direito em 8,1% e aneurismas aorto-ilíaco esquerdo em 2,7% dos casos 
(quadros 12 e 13). Em relação à morfologia dos aneurismas, observou-se que 72,3% era 
fusiforme e 27,7% era sacular. 
 
 
Figura 20 - Tipo anatómico aneurismático 
 
 
Quadro 12 - Tipologia do AAA 
Aneurisma Grupo A Grupo B 
Aneurisma aórtico isolado 66% 80,2% 
Aneurisma aorto-ilíaco direito 15% 8,1% 
Aneurisma aorto-ilíaco esquerdo 8% 2,7% 
Aneurisma aorto-ilíaco bilateral 12% 9% 
 
 
Quadro 13 - Morfologia do AAA 
Morfologia do aneurisma Grupo A Grupo B 
Fusiforme 94,7% 72,3% 




b) Diâmetro do saco aneurismático 
 
No grupo A, o diâmetro médio do aneurisma foi de 62,4 ± 14,8mm, com uma mediana de 
60 (mínimo de 25mm e um máximo de 106mm). A subdivisão dos aneurismas aórticos 
infra-renais, em pequenos e médios aneurismas (diâmetro inferior a 60mm) e grandes 
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aneurismas (diâmetro superior a 60mm), revelou uma prevalência de 56,6% e 53,4%, 
respectivamente (quadro 14). 
No grupo B, o diâmetro médio do aneurisma foi de 64,8 ± 15,7mm, uma mediana de 64 
(mínimo de 37mm e um máximo de 120mm). A subdivisão dos aneurismas aórticos infra-
renais, em pequenos e médios aneurismas (diâmetro inferior a 60mm) e grandes 
aneurismas (diâmetro superior a 60mm), revelou uma prevalência de 38% e 62%, 
respectivamente (quadro 14). 
 
Quadro 14 - Diâmetro do saco aneurismático 
 Médio Desvio padrão Mediana Mínimo Máximo 
 Percentagem 
de doentes 
Grupo A 62,4 14,8 60 25 106 
Diâmetro < 60mm 46,6% 
Diâmetro > 60mm 53,4% 
Grupo B 64,8 15,7 64 37 120 
Diâmetro < 60mm 38% 




c) Características anatómicas aorto-ilíacas e aneurismáticas dos doentes do 
grupo A 
 
O diâmetro médio da aorta supra-renal foi de 23,7 ± 3,0mm, com uma mediana de 23mm 
(mínimo de 17mm e um máximo de 33mm). 
O valor médio da razão, entre o diâmetro aneurismático e o diâmetro da aorta supra-renal, 
foi de 2,6 ±0,6mm, com uma mediana de 2,6mm (mínimo de 1,3mm e um máximo de 
4,7mm) (quadro 15). 
 
Quadro 15 - Diâmetro da aorta supra-renal e razão entre o diâmetro aneurismático e o diâmetro da aorta supra-renal dos 
doentes do grupo A 
 Médio Desvio padrão Mediana Mínimo Máximo 
Diâmetro da aorta supra-renal 23,7 3,0 23 17 33 
Razão entre o diâmetro aneurismático 
e o diâmetro da aorta supra-renal 2,6 0,6 2,6 1,3 4,7 
 
O comprimento médio do colo aneurismático foi de 23 ±11,9mm, com um mínimo de 
5mm e um máximo de 80mm. Em 94,4% dos casos, o comprimento do colo foi superior a 
10mm e em 5,6% foi inferior a 10mm (quadro 16). 
O diâmetro médio do colo foi de 22,5 ±3,2mm, com um mínimo de 16mm e um máximo 
de 33mm (figura 21). O diâmetro do colo foi, em 95,3% dos casos, inferior a 28mm e, em 
4,7%, superior a 28mm. 
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Quadro 16 - Comprimento e diâmetro do colo aneurismático dos doentes do grupo A 
 Médio Desvio padrão Mínimo Máximo   
Comprimento do colo 
aneurismático 23 11,9 5 80 
Comprimento do colo 
aneurismático < 10mm 5,6% 
Comprimento do colo 
aneurismático > 10mm 94,4% 
Diâmetro do colo 
aneurismático 22,5 3,2 16 33 
Diâmetro do colo 
aneurismático < 28mm 95,3% 
Diâmetro do colo 
aneurismático > 28mm 4,7% 
 
 
Figura 21 - Exemplos de pequeno e grande diâmetro de colo aneurismático 
 
A forma do colo aneurismático classificou-se como colo cilíndrico em 64,3%, colo cónico 
em 27,8%, colo cónico invertido em 4,6% e outras formas em 3,3% (figura 22 e gráfico 2). 
 
 
Figura 22 - Exemplos das duas formas mais 
comuns de morfologia do colo aneurismático 
 





A calcificação do colo classificou-se como ausente em 69,7% dos casos, envolvendo 
menos de 25% do perímetro da aorta em 18,7% dos casos, envolvendo entre 25% e 50% 
do perímetro aórtico em 18,7% dos casos, envolvendo entre 50 e 75% do perímetro 
aórtico em 7,1% dos casos e envolvendo mais de 75% do perímetro aórtico em 1,3% dos 
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Figura 23 - Exemplos de diferentes formas de calcificação 
do colo aneurismático 
 
Gráfico 3 - Prevalência de diferentes tipos de calcificação 




A presença de trombo no colo aórtico classificou-se como ausente, em 71% dos casos, 
envolvendo menos de 25% do perímetro da aorta, em 4,7% dos casos, envolvendo entre 
25% e 50% do perímetro aórtico, em 9,5% dos casos, envolvendo entre 50% e 75% do 
perímetro aórtico, em 12,1% dos casos e envolvendo mais de 75% do perímetro aórtico, 
em 2,7% dos casos (figura 24 e gráfico 4). 
 
 
Figura 24 - Exemplos de diferentes formas de trombo no 
colo aneurismático 
 Gráfico 4 - Trombo no colo aneurismático 
 
 
A angulação do colo aneurismático aórtico classificou-se como ausente, em 18,4% dos 
casos, angulação inferior a 25º, em 21,2% dos casos, angulação entre 25º e 50º, em 
25,8% dos casos, angulação entre 50º e 70º, em 25,3% dos casos e angulação superior 
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Figura 25  - Exemplos de diferentes angulações do colo 
aneurismático 





Características das artérias ilíacas 
 
A análise do diâmetro das artérias ilíacas comuns revelou que o diâmetro médio da 
artéria ilíaca comum direita foi de 17,5 ±9,9mm, com um mínimo de 0 (ocluída) e um 
máximo de 56mm, com 73,8% das artérias com diâmetro inferior a 20mm e 26,2% com 
diâmetro superior a 20mm. O diâmetro médio da artéria ilíaca comum esquerda foi de 
16,1 ±11,6mm, com um mínimo de 6mm e um máximo de 94mm, com 82,4% das artérias 
com diâmetro inferior a 20mm e 17,6% com diâmetro superior a 20mm (quadro 17). 
A análise da tortuosidade das artérias ilíacas, dividida em três níveis, pequena, média e 
grande, revelou que 34% dos casos tinha pequena tortuosidade, 40,4% média 
tortuosidade e 25,5% grande tortuosidade (figura 26 e quadro 17). 
A análise do estado das artérias ilíacas internas, quanto à sua patência antes da 
realização do EVAR, revelou que, em 92,1% dos casos, estavam permeáveis 
bilateralmente, em 6,7%, tinham uma artéria ocluída e, em 1,2% dos casos, estavam 
ocluídas bilateralmente (quadro 17). Observou-se que, em 10,2% dos casos, existia um 
aneurisma da artéria ilíaca interna, sendo em 3,6% dos casos um aneurisma da artéria 
ilíaca interna direita, em 3% um aneurisma da artéria ilíaca interna esquerda e em 3,6% 
um aneurisma da artéria ilíaca interna bilateral (quadro 17). 
A análise do diâmetro das artérias ilíacas externas revelou que o diâmetro médio da 
artéria ilíaca externa direita foi de 8,7 ±2,0mm, com um mínimo de 0 (ocluída) e um 
máximo de 14mm, e o diâmetro médio da artéria ilíaca externa esquerda foi de 8,5 
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Artéria ilíaca comum 
direita 17,5 9,9 0 56 
Diâmetro < 20mm 73,8% 
Diâmetro > 20mm 26,2% 
Artéria ilíaca comum 
esquerda 16,1 11,6 6 94 
Diâmetro < 20mm 82,4% 
Diâmetro > 20mm 17,6% 
Artéria ilíaca externa 
direita 8,7 2 0 14   
Artéria ilíaca externa 
esquerda 8,5 1,7 5 14   
Tortuosidade ilíaca 








1 artéria permeável 6,7% 
Ocluídas bilateralmente 1,2% 
Aneurismáticas 
Aneurisma da artéria 
ilíaca interna direita 3,6% 
Aneurisma da artéria 
ilíaca interna esquerda 3% 
Aneurisma da artéria 
interna bilateral 3,6% 
 
 




3.2.3. Indicação para a realização do EVAR (grupo A) 
 
A indicação para a realização do EVAR foi, em 80,2% dos casos, um risco clínico elevado, 
em 3%, um abdómen hostil, em 10,2%, a opção foi do cirurgião e, em 6,6%, a opção foi 
do doente (quadro 18). 
 
Quadro 18 - Indicação para a realização do EVAR 
Indicação terapêutica Percentagem de doentes 
Risco clínico elevado 80,2% 
Abdómen hostil 3% 
Opção do cirurgião 10,2% 
Opção do doente 6,6% 
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3.2.4. Tipo de prótese implantada 
 
Grupo A 
A distribuição das endopróteses implantadas foi: em 35,1% a endoprótese Excluder (WL 
Gore & Associates®, Flagstaff, AZ, USA), em 29,2% a endoprótese Endurant (Medtronic 
Inc®, Santa Rosa, CA, USA) aorto-bi-ilíaca, em 20,2% a endoprótese Endurant (Medtronic 
Inc®, Santa Rosa, CA, USA) aorto-mono-ilíaca, em 8,3% a endoprótese Talent (Medtronic 
Inc®, Santa Rosa, CA, USA) aorto-mono-ilíaca, em 4,2% a endoprótese Talent (Medtronic 
Inc®, Santa Rosa, CA, USA) aorto-bi-ilíaca e em 3,0% outras endopróteses (gráfico 6 e 
figura 27). A distribuição das endopróteses, segundo a variável fixação infra-renal bi-ilíaca, 
fixação supra-renal bi-ilíaca e fixação supra-renal mono-ilíaca, foi de 35,1%, 33,3%, 
28,6% e outras 3%, respectivamente (gráfico 7 e figura 27). 
 
Gráfico 6 - Tipo de endoprótese 
 
 




Tratamento com endoprótese aorto-mono-ilíaca por oclusão 
da artéria ilíaca externa direita 
 
 
Tratamento com endoprótese aorto-mono-ilíaca por diâmetro da 
aorta terminal de 12mm agravado por calcificação circunferencial 
   
 
Tratamento com endoprótese aorto-mono-ilíaca, por grande tortuosidade aorto-ilíaca 
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Grupo B 
O tipo de revascularização efectuado foi uma pontagem aorto-aórtica em 39,3% dos 
casos, uma pontagem aorto-bi-ilíaca em 32,1% dos casos e uma pontagem aorto-bi-
femoral em 28,6% dos casos (quadro 19). 
 
Quadro 19 - Tipo de revascularização (Grupo B) 
Tipo de revascularização Percentagem de doentes 
Prótese aorto-aórtica 39,3% 
Prótese aorto-bi-ilíaca 32,1% 










O tempo anestésico médio (definido pelo momento em que o anestesista assume o 
doente na sala operatória e o momento em que este define a alta da sala operatória) foi, 
no grupo A, de 174,13 ±64,03mn, um mínimo de 71mn e um máximo de 504mn. 
No grupo B, o tempo anestésico médio foi de 292,6 ±79,5mn, um mínimo de 140mn e um 




O tempo cirúrgico (definido como o tempo que medeia entre o início do acto cirúrgico pelo 
cirurgião e o seu terminus pelo mesmo) foi, no grupo A, em média de 102,7 minutos, com 
um desvio padrão de 48,4, um mínimo de 27 mn e um máximo de 351 mn. 
No grupo B, o tempo cirúrgico médio foi de 190,1 ±61,5mn, um mínimo de 86mn e um 
máximo de 380mn. 
 
 
Exposição a radiação dos doentes do grupo A 
No grupo A, a dose area product (DAP) média de exposição dos doentes foi de 4,8 ±3,2 
mGym2, com um mínimo de 0,94 mGym2 e um máximo de 15,86 mGym2. O tempo de 
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fluoroscopia médio foi de 21,8 ±11,4mn, com um mínimo de 5,9mn e um máximo de 
129,8mn (quadro 20). 
Quadro 20 - Tempo anestésico, tempo cirúrgico, DAP e tempo de fluoroscopia nos doentes dos grupos A e B 
 
 
Média Desvio padrão Mínimo Máximo 
Tempo anestésico 
Grupo A 174,13 mn 64,03 mn 71mn  504 mn 
Grupo B 292,5 mn 79,5 mn 140 mn 560 mn 
 
Tempo cirúrgico 
Grupo A 102,7 mn 48,4 mn 27 mn 351 mn 
Grupo B 190,1 mn 61,5 mn 86 mn 380 mn 
 
DAP Grupo A 4,8 mGym2 3,2 mGym2 0,94 mGym2 15,86 mGym2 
 




Na avaliação das complicações intra-operatórias, observou-se que estas ocorreram em 
23,4% dos doentes do grupo A. Estas foram divididas em complicações arteriais (engloba 
dissecação arterial e trombose arterial), endoleak tipo I, endoleak tipo II, e endoleak tipo 
IV e complicações relacionadas com a implantação das endopróteses (engloba não 
abertura de ramo contralateral, migração proximal, rotação da mesma), observando-se 
que ocorreram em 4,2%, 10,2%, 1,2%, 0,6% e 7,2%, respectivamente. Assim, pudemos 
observar que a endoleak tipo I é a complicação intra-operatória mais comum, 
representando 43,6% do total, seguida das complicações relacionadas com a 
implantação da endoprótese, representando 30,8%, e das complicações arteriais dos 
vasos de acesso, representando 17,9% das complicações intra-operatórias. 
No grupo B, observou-se que estas ocorreram em 14,4% dos doentes, 6,3% 
correspondente a isquemia aguda, 3,6% a lesão venosa, 0,9% a lesão duodenal e 3,3% a 
hemorragia (quadro 21 e figura 28). 
 
Quadro 21 - Complicações intra-operatórias 
Complicações intra-operatórias Grupo A Grupo B 
Totais 23,4% 14,4% 
Complicações arteriais 4,2% - 
Endoleak tipo I 10,2% - 
Endoleak tipo II 1,2% - 
Endoleak tipo IV 0,6% - 
Relacionadas com a implantação da 
endoprótese 
7,2% - 
Isquemia aguda - 6,3% 
Lesão venosa - 3,6% 
Lesão duodenal - 0,9% 
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Imagem de seguimento 1 ano após, observando-se trombo no ramo esquerdo 
 
Migração proximal de endoprótese aorto-bi-ilíaca, tratada com insuflação de 
balão acima do divisor de fluxo e traccionada para a posição infra-renal 
Dissecção da artéria ilíaca externa pós colocação de endoprótese aorto-uni-
ilíaca, tratada com stenting 
           
Complicação intra-operatória com a não abertura do ramo contralateral de 
endoprótese aorto-bi-ilíaca, tratado com a colocação de endoprótese aorto-uni-
ilíaca. 
Complicação intra-operatória com a não abertura do ramo contralateral de 
endoprótese aorto-bi-ilíaca, tratada com angioplastia transluminal (ATL) 






Complicações e re-intervenções cirúrgicas aos 30 dias 
No grupo A, a taxa de complicações aos 30 dias foi de 12%, com uma taxa de re-
intervenção cirúrgica de 4,1% (quadros 22 e 23). 
No grupo B, a taxa de complicações aos 30 dias foi de 38%, com uma taxa de re-
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Quadro 22 - Complicações aos 30 dias 
Complicações aos 30 dias Grupo A  Complicações aos 30 dias Grupo B 
Total 12%   Total 38%  
Enfarte agudo do miocárdio 0,6% 5%  Pneumonia 19,8% 52,2% 
Pneumonia 1,8% 15%  Insuficiência renal aguda 5% 13% 
Hemorragia digestiva 0,6% 5%  Infecção urinária 1,6% 4,3% 
Insuficiência respiratória 1,2% 10%  Isquemia aguda de membro 2,6% 6,5% 
Infecção urinária 1,2% 10%  Isquemia mesentérica 1,6% 4,3% 
Isquemia cólica 1,2% 10%  Hematoma retroperitoneal 1,6% 4,3% 
Isquemia aguda 1,2% 10%  Hérnia incisional 1,6% 4,3% 
Íleo paralítico 0,6% 5% 




Hematoma da ferida operatória 1,2% 10%  
 
Infecção da ferida operatória 0,6% 5%  
Linforragia 0,6% 5%  
Endoleak tipo I 1,2% 10%  
 
Quadro 23 - Re-intervenção cirúrgica aos 30 dias 
Re-intervenções cirúrgicas aos 
30 dias Grupo A 
 Re-intervenções cirúrgicas 
aos 30 dias Grupo B 
Total 4,1%   Total 13,7%  
Endoleak tipo I 1,2% 28,6%  Drenagem de hematoma 
retroperitoneal 
3,4% 24,7% 
Trombose de prótese 0,6% 14,3%  Revascularização de 
membro 2,6% 18,9% 
Complicação da ferida 
operatória 
2,3% 57,1%  Laparotomia exploradora 2,6% 18,9% 
 
 Correcção de evisceração 2,6% 18,9% 
 Colectomia 0,9% 6,6% 
 Cirurgia de ferida operatória 1,8% 13% 
 
 
Transfusão de concentrado de glóbulos rubros 
A taxa de transfusão de doentes com concentrado de glóbulos rubros foi, no grupo A, de 
23,1%, e de 77,6% no grupo B (quadro 24). 
 
Quadro 24 - Transfusão de concentrado de glóbulos rubros 
Transfusão de concentrado 
de glóbulos rubros Grupo A Grupo B 
Sim 23,1% 77,6% 
Não 76,9% 22,4% 
 
 
Tempo de internamento 
O tempo médio de internamento, no grupo A, foi de 6,3 ±7,1 dias, um mínimo de 2 dias e 
um máximo de 60 dias. 
No grupo B, o tempo médio de internamento foi de 12,9 dias, com um desvio padrão de 
16,6, um mínimo de 5 e um máximo de 142 dias (quadro 25). 
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Quadro 25 - Tempo de internamento 
Grupos Média Desvio padrão Mínimo Máximo 
Grupo A 6,3 dias 7,1 dias 2 dias 60 dias 





Mortalidade aos 30 dias 
A taxa de mortalidade aos 30 dias foi de 1,2% nos doentes do grupo A e de 5% nos 






b) Resultados tardios 
 
Re-intervenções cirúrgicas tardias no grupo A 
A taxa de re-intervenção cirúrgica após os 30 dias foi de 12,3%, correspondente a 75% 
das re-intervenções totais. 
A sua distribuição temporal foi: 42,9% das re-intervenções ocorreram no período entre os 
30 dias pós-operatórios e os 12 meses; 14,3% ocorreram no período entre 1 e 2 anos; 
9,5% ocorreram no período entre 2 e 3 anos; 9,5% ocorreram no período entre 3 e 4 
anos; 9,5% ocorreram no período entre 4 e 5 anos; 9,5% ocorreram no período entre 5 e 
6 anos; 0% ocorreram no período entre 6 e 7 anos; e 4,8% ocorreram no período entre 8 
e 9 anos (gráfico 8). 
A indicação para a realização de uma re-intervenção foi o EL I em 76,2%, o EL II em 
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Gráfico 8- Re-intervenção tardia e distribuição temporal 
 
 










Figura 30 - EL tipo IA tratada com nova endoprótese aorto-
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Figura 31 - EL tipo IA, por migração da endoprótese, tratada 
com nova endoprótese aorto-mono-ilíaca esquerda e 










Figura 33 - EL III em endoprótese aorto-bi-ilíaca por 
desconexão de extensor ilíaco esquerdo, tratado com 
colocação de extensor ilíaco 
 
 
Figura 34 - EL tipo III em endoprótese aorto-mono-ilíaca, 
por desconexão do extensor ilíaco esquerdo, tratado com 
colocação de extensor ilíaco 
 
Figura 35 - Único caso, por nós tratado, de EVAR e rotura 
posterior por migração da endoprótese e endoleak tipo I A, 
tratada com extensor aórtico proximal. 
 
 
Figura 36 - Oclusão de ramo esquerdo, provocada por 
angulação marcada, manifestada por isquemia aguda, 
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Re-intervenções cirúrgicas tardias no grupo B 
A taxa de re-intervenção cirúrgica após os 30 dias foi de 10,6%. A cirurgia de re-
intervenção realizada foi a correcção de hérnia incisional em 90,9% dos casos e a 
correcção de pseudoaneurisma anastomótico em 9,1% (quadro 26). 
 
Quadro 26 - Re-intervenção e cirurgia realizada 
Re-intervenção Cirurgia realizada Percentagem de doentes 
Total 10,6% 
Correcção de hérnia incisional 9,8% 90,9% 








Tipo de endoleak 
Observou-se que, ao longo do período de seguimento dos doentes tratados por EVAR, 
59,4% dos doentes nunca desenvolveram qualquer EL, 24,8% desenvolveu um EL II, 
6,1% desenvolveu um EL II e um tipo I ou III, e 9,7% desenvolveu um EL tipo I ou III 
(gráfico 10 e figuras 37-40). 
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Figura 38 - EL tipo II entre colateral da artéria 
ilíaca interna e artéria lombar 
Endoleak tipo II ( ) entre colateral da artéria ilíaca 
interna ( ) e artéria lombar (  ) 
 
Figura 39 - EL tipo II entre duas artérias lombares 
 
 






Re-intervenção cirúrgica global 
 
A distribuição da causa da re-intervenção, ao longo do tempo, foi: no caso da Endoleak 
tipo I, 11,1% até aos 30 dias, 44,4% entre os 30 dias e os 12 meses, 11,1% entre 1 e 2 
anos, 5,1% entre 2 e 3 anos, 11,1% entre 3 e 4 anos, 0% entre 4 a 5 anos, 11,1% entre 5 
e 6 anos, 0% entre os 6 e 7 anos e 5,5% entre 8 e 9 anos. No caso da Endoleak tipo II, 
foi de 100% entre 4 e 5 anos. No caso da Endoleak tipo III, foi de 50% entre 2 e 3 anos e 
50% entre 4 e 5 anos. No caso da trombose de ramo foi de 50% entre os 30 dias e os 1 
meses e 50% entre 1 e 2 anos. No caso da trombose de endoprótese foi de 100% inferior 
a 30 dias (gráfico 11). 
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Analisando a Endoleak tipo I, verificou-se que: a taxa de endoleak tipo I A foi de 4,7% e a 
de Endoleak tipo I B foi de 4,7%; a distribuição temporal dos doentes tratados por EL I A 
foi inferior a 30 dias, 12,5%, inferior a 1 ano, 37,5%, 2-3 anos, 12,5%, 3-4 anos, 12,5%, 5-
6 anos, 12,5%, e 8-9 anos, 12,5%; a distribuição temporal dos doentes tratados por EL IB 
foi inferior a 30 dias, 12,5%, inferior a 1 ano, 50%, 1-2 anos, 12,5%, 3-4 anos, 12,5%, 5-6 
anos, 12,5% (gráfico 12). 
 
















8-9 anos 5,50% 0,00% 0,00% 0,00% 0,00%
6-7 anos 0,00% 0,00% 0,00% 0,00% 0,00%
5-6 anos 11,10% 0,00% 0,00% 0,00% 0,00%
4-5 anos 0,00% 100,00% 50,00% 0,00% 0,00%
3-4 anos 11,10% 0,00% 0,00% 0,00% 0,00%
2-3 anos 5,10% 0,00% 50,00% 0,00% 0,00%
1-2 anos 11,10% 0,00% 0,00% 50,00% 0,00%
> 30 dias < 12 meses 44,40% 0,00% 0,00% 50,00% 0,00%
























EL I A EL I B
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Tipo de re-intervenção cirúrgica realizada 
A cirurgia de re-intervenção realizada foi cirurgia clássica de revascularização em 10,7% 
dos casos, foi a realização de ATL/stenting em 3,6%, foi a colocação de um extensor 
aórtico em 21,4%, foi a colocação de uma nova endoprótese em 10,7%, foi a colocação 
de um extensor ilíaco em 32,1%, foi a embolização do saco aneurismático em 3,6%, foi a 
cirurgia convencional do aneurisma da aorta em 3,6% e outras cirurgias convencionais 
minor em 14,3% (gráfico 13). 
 





A mortalidade global durante o período de estudo foi de 21,1% nos doentes do grupo A e 
de 23,3% nos doentes do grupo B. 
 
 
Análise da sobrevivência utilizando as curvas de Kaplan-Meier 
O objectivo principal da análise de sobrevivência é estimar as probabilidades de 
sobrevivência para um dado período. O método de Kaplan-Meier permite não só estimar 
estas probabilidades como também desenhar a curva de sobrevivência. A curva 
apresenta-se em degraus, sendo que cada patamar representa a proporção de pacientes 
que sobreviveram e que não se altera entre eventos, mesmo em presença de 




Analisámos a curva de sobrevida global (gráfico 14) e as curvas de sobrevida, em relação 
ao sexo (gráfico 15), aos grupos etários (menores de 70 anos, entre 70 e 80 anos e 
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à classificação ASA (gráfico 18), ao diâmetro aneurismático (inferior a 60mm e superior a 
60mm) (gráfico 19), à soma de riscos anatómicos para a realização do EVAR (sem 
factores, 1 factor e 2 ou mais factores) (gráfico 20), ao tipo de endoprótese (gráfico 21), ao 
desenvolvimento de endoleak (sem e com endoleak) (gráfico 22), ao tipo de endoleak 
(sem endoleak, com endoleak II e com endoleak I ou III) (gráfico 23), ao comportamento 
do saco aneurismático (sem regressão, regressão inferior a 5mm e regressão superior ou 
igual a 5mm) (gráfico 24) e à ocorrência de re-intervenção cirúrgica (gráfico 25). 
 
Gráfico 14 - Curva de sobrevida global 
 
 Gráfico 15 - Curvas de sobrevida em relação ao sexo 
 
A sobrevida média foi de 8,5 anos com um desvio padrão de 0,5 (IC 95% - 
7,6-9,5). 
 A sobrevida média no homem foi de 8,5 anos com desvio padrão de 0,5 (IC 95 
- 7,5-9,5) e na mulher de 4,6 anos com desvio padrão de 0,83 (IC 95 - 3-6,2). 
Não foi observada significância estatística. 












Gráfico 16 - Curvas de sobrevida em relação a três 
grupos etários 
 
 Gráfico 17 - Curvas de sobrevida em relação a dois grupos 
etários 
 
A sobrevida média no grupo de menores de 70 anos foi de 9,9 anos com 
desvio padrão de 0,7 (IC 95 - 8,5-11,2), no grupo entre 70 e 80 anos foi de 
7,2 anos com desvio padrão de 0,7 (IC 95 - 5,8-8,6) e no grupo maiores de 
80 anos foi de 8,3 anos com desvio padrão de 1 (IC 95 - 6,4-10,3). Não foi 
observada significância estatística. 
 A sobrevida média no grupo de menores de 70 anos foi de 9,9 anos com 
desvio padrão de 0,7 (IC 95 - 8,5-11,2) e no grupo maior ou igual a 70 anos foi 
de 7,9 anos com desvio padrão de 0,6 (IC 95 - 6,7-9,1). Não foi observada 
significância estatística. 
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 Gráfico 19 - Curvas de sobrevida em relação ao diâmetro 
aneurismático 
 
A sobrevida média no grupo classificado como ASA II foi de 5,2 anos com 
desvio padrão de 0,4 (IC 95 - 4,4-6), no grupo classificado como ASA III foi 
de 9,4 anos com desvio padrão de 0,5 (IC 95 - 8,4-10,5) e no grupo 
classificado como ASA IV ou superior foi de 4,6 anos com desvio padrão de 
0,8 (IC 95 - 3,2-6,1). Foi observada significância estatística. 
 A sobrevida média no grupo com diâmetro inferior a 60mm foi de 8,1 anos com 
desvio padrão de 0,5 (IC 95 - 7,1-9,1) e no grupo com diâmetro superior a 
60mm foi de 8,0 anos com desvio padrão de 0,7 (IC 95 - 6,7-9,4). Não foi 
observada significância estatística. 
   
Gráfico 20 - Curvas de sobrevida em relação à 
associação de factores de risco anatómico para a 
realização do EVAR 
 




A sobrevida média no grupo sem factores foi de 8,3 anos com 
desvio padrão de 0,8 (IC 95 - 6,7-9,8), no grupo com um factor foi 
de 7,5 anos com desvio padrão de 0,6 (IC 95 - 6,2-8,7) e no 
grupo com dois ou mais factores foi de 4,8 anos com desvio 
padrão de 0,4 (IC 95 - 4,0-5,6). Não foi observada significância 
estatística. 
 A sobrevida média no grupo em que foi implantada uma 
endoprótese bi-ilíaca foi de 8,9 anos com desvio padrão de 0,6 (IC 
95 - 7,8-10) e no grupo em que foi implantada uma endoprótese 
mono-ilíaca foi de 6,7 anos com desvio padrão de 0,7 (IC 95 - 5,3-
8,1). Não foi observada significância estatística. 
   
Gráfico 22 - Curvas de sobrevida em relação ao 
desenvolvimento de endoleak 
 
 Gráfico 23 - Curvas de sobrevida em relação ao tipo de 
endoleak 
 
A sobrevida média no grupo em que não ocorreu o desenvolvimento de 
endoleak foi de 7,1 anos com desvio padrão de 0,5 (IC 95 - 6,0-8,2) e no 
grupo em que ocorreu o desenvolvimento de endoleak foi de 9,0 anos com 
desvio padrão de 0,7 (IC 95 - 7,6-10,4). Não foi observada significância 
estatística. 
 A sobrevida média no grupo em que não ocorreu o desenvolvimento de 
endoleak foi de 7,1 anos com desvio padrão de 0,5 (IC 95 - 6,0-8,2), no grupo 
que desenvolveu endoleak tipo I ou III foi de 10 anos com desvio padrão de 1,1 
(IC 95 - 7,9-12,1) e no grupo que desenvolveu endoleak tipo II foi de 7,4 anos 
com desvio padrão de 0,7 (IC 95 - 6,0-8,7). Não foi observada significância 
estatística. 
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Gráfico 24 - Curvas de sobrevida em relação ao 
comportamento do saco aneurismático 
 
 Gráfico 25 - Curvas de sobrevida em relação à ocorrência 
de re-intervenção cirúrgica 
 
A sobrevida média no grupo em que não ocorreu a regressão do saco 
aneurismático foi de 9,9 anos com desvio padrão de 1,4 (IC 95 - 7,1-12,7), 
no grupo em que ocorreu uma regressão do saco aneurismático inferior a 
5mm foi de 5,7 anos com desvio padrão de 0,3 (IC 95 - 5,1-6,2) e no grupo 
em que ocorreu uma regressão do saco aneurismático superior ou igual foi 
de 7,7 anos a 5mm com desvio padrão de 0,5 (IC 95 - 6,7-8,8). Não foi 
observada significância estatística. 
 A sobrevida média no grupo não sujeito a re-intervenção foi de 8,4 anos com 
desvio padrão de 0,6 (IC 95 - 7,2-9,5) e no grupo sujeito a re-intervenção foi de 







Analisámos a curva de sobrevida global (gráfico 26) e as curvas de sobrevida, em relação 
aos grupos etários (menores de 70 anos, entre 70 e 80 anos e maiores de 80 anos) 
(gráfico 27), à classificação ASA (gráfico 28) e ao diâmetro aneurismático (inferior a 60mm 
e superior a 60mm) (gráfico 29). 
 
Gráfico 26 - Curva de sobrevida global 
 
 




A sobrevida média foi de 8,2 anos com um desvio padrão de 0,4 (IC 
95% - 7,3-9,0). 
 A sobrevida média no grupo de menores de 70 anos foi de 8,7 anos 
com desvio padrão de 0,6 (IC 95% - 7,6-8,9), no grupo entre 70 e 80 
anos foi de 7,5 anos com desvio padrão de 0,6 (IC 95% - 6,3-8,7) e 
no grupo maiores de 80 anos foi de 4 anos com desvio padrão de 0,9 
(IC 95% - 2,2-5,8). Foi observada significância estatística. 
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Gráfico 28 - Curvas de sobrevida em relação à classificação 
ASA 
 
 Gráfico 29 - Curvas de sobrevida em relação ao diâmetro 
aneurismático 
 
A sobrevida média no grupo classificado como ASA II foi de 8,2 anos 
com desvio padrão de 0,8 (IC 95% - 6,6-9,9), no grupo classificado 
como ASA III foi de 8,5 anos com desvio padrão de 0,6 (IC 95% - 
7,5-9,6 e no grupo classificado como ASA IV ou superior foi de 5,6 
anos com desvio padrão de 0,9 (IC 95% - 3,9-7,3). Não foi 
observada significância estatística. 
 A sobrevida média no grupo com diâmetro inferior a 60mm foi de 9 
anos com desvio padrão de 0,7 (IC 95% - 7,7-10,4) e no grupo com 
diâmetro superior a 60mm foi de 8,3 anos com desvio padrão de 0,6 
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3.2.6. Factores prognósticos do EVAR (Grupo A) 
 
a) Factores de risco anatómico para a realização do EVAR e desenvolvimento 
de endoleak 
 
Na análise da relação entre a existência de factores de risco anatómico para a realização 
do EVAR, definidos como angulação do colo aneurismático superior a 50º, comprimento 
do colo inferior a 10mm, diâmetro do colo superior a 28mm, colo não cilíndrico, 
calcificação do colo superior a 50% do seu perímetro, trombo no colo superior a 50% do 
seu perímetro, diâmetro das artérias ilíacas comuns superior a 20mm, grande 
tortuosidade das artérias ilíacas e associação de dois ou mais factores de risco 
anatómico, e a ocorrência de endoleak (quadro 27), observou-se uma associação com 
significância estatística em relação ao diâmetro aneurismático, à angulação do colo 
superior a 50º, à tortuosidade grande das artérias ilíacas e à existência de dois ou mais 
factores de risco anatómico para a realização do EVAR. 
 
Quadro 27 - Factores de risco anatómico para a realização do EVAR e desenvolvimento de endoleak 
Factores de risco anatómico para a 
realização do EVAR 
Desenvolvimento de endoleak  
Sem EL Com EL SE Sem EL EL I ou EL III EL II 
EL II + EL I 
ou EL III SE 
Diâmetro aneurismático (mm) 59,6 65,9 S 59,6 76,9 60,8 68,1 S 
Calcificação do colo 
aneurismático 
< 50% 63% 37% 
N 
63% 8,2% 23,3% 5,3% 
N 
> 50% 50% 50% 50% 16,7% 33,3% 0% 
Trombo no colo 
< 50% 63,7% 36,3% 
N 
63,7% 8,9% 22,6% 4,8% 
N 
> 50% 57,1% 42,9% 57,1% 9,5% 33,3% 0% 
Extensão do colo (mm) 
< 10 50% 50% 
N 
50% 21,4 28,6 0 
N 
> 10 64,3% 35,7% 64,3% 7% 23% 5,4% 
Angulação do colo 
0º 75% 25% 
N 
75% 0% 25% 0% 
S < 50º 80,8% 19,2% 80,8% 7,7% 11,5% 0% 
> 50º 56,3% 43,7% 56,3% 12,5% 0% 33% 
Diâmetro do colo 
aneurismático (mm) 
< 28 62,3% 37,7% 
N 
62,3% 8% 23,9% 5,8% 
N 
> 28 71,4% 28,6% 71,4% 28,6% 0% 0% 
Forma do colo 
cónico 69% 31% 
N 
69% 11,9% 14,3% 4,8% 
N 
cónico invertido 85,7% 14,3% 85,7% 20% 14,3% 0% 
cilíndrico 57,4% 42,6% 57,4% 8,5% 27,7% 6,4% 
outras 75% 25% 75% 0% 25% 0% 
Tortuosidade das artérias 
ilíacas 
pequena/média 58,8% 41,32% 
N 
58,8% 4,4% 30,9% 5,9% 
S grande 47,8% 52,2% 47,8% 26,1% 17,4% 8,7% 
Diâmetro da artéria ilíaca 
comum direita 
< 20mm 67,3% 32,7% S 67,3% 5,6% 22,4% 4,7% N 
> 20mm 51,3% 48,7% 51,3% 15,4% 25,6% 7,7% 
Diâmetro da artéria ilíaca 
comum esquerda 
< 20mm 65,5% 34,5% N 65,5% 5,9% 23,5% 5% N 
> 20mm 53,8% 46,2% 53,8% 19,2% 23,1% 3,8% 
Factores de risco 
anatómico para a 
realização do EVAR 
Sem factores 61% 39% 
S 
61% 6,5% 24,7% 7,8% 
S 1 factor 74,5% 25,5% 74,5% 2,1% 17% 6,4% 2 ou mais 
factores 43,8% 56,3% 43,8% 21,9% 31,3% 3,1% 
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b) Tipo de endoprótese implantada e desenvolvimento de endoleak 
 
Na análise da relação entre o tipo de endoprótese implantada e a ocorrência de endoleak 
(quadro 28), observou-se uma associação com significância estatística em relação ao tipo 
individual de endoprótese implantada e ao tipo de fixação da endoprótese. 
 
Quadro 28 - Tipo de endoprótese e desenvolvimento de endoleak 
Tipo de endoprótese 
Desenvolvimento de endoleak 
SE Sem EL EL I ou EL III EL II 
EL II + EL I 
ou EL III 
Excluder 48,3% 7,1% 37,5% 7,1% 
S 
Talent bi-ilíaca 42,9% 28,6% 0% 28,6% 
Talent aorto-mono-ilíaca 61,5% 15,4% 15,4% 7,7% 
Endurant aorto-bi-ilíaca 73,5% 10,2% 14,3% 2% 
Endurant aorto-mono-ilíaca 60,6% 6,1% 33,3% 0% 
Outras endopróteses 75% 0% 0% 25% 
Endoprótese de fixação activa infra-renal 48,3% 7,1% 37,5% 7,1% 
S Endoprótese de fixação passiva supra-renal 55% 20% 10% 15% 
Endoprótese de fixação activa supra-renal 68,3% 8,5% 22% 1,2% 
Endoprótese de fixação infra-renal 48,3% 7,1% 37,5% 7,1% 
S 
Endoprótese de fixação supra-renal 66% 11% 20% 4% 
Endoprótese aorto-bi-ilíaca 58,9% 9,8% 25% 6,6% 
N 
Endoprótese aorto-mono-ilíaca 60,9% 8,7% 28,3% 2,2% 







c) Comportamento do saco aneurismático e o desenvolvimento de endoleak 
 
Efectuámos o estudo do comportamento do saco aneurismático, medindo a diferença 
entre o diâmetro do saco aneurismático inicial e o menor diâmetro atingido no seu 
seguimento. 
Observou-se que em 10,8% dos doentes nunca houve redução do diâmetro do saco 
aneurismático, em 21,7% houve uma diminuição do diâmetro do saco aneurismático 
inferior a 5mm, em 31,8% houve uma diminuição do diâmetro do saco aneurismático 
entre 5 e 10mm, em 12,7% houve uma diminuição do diâmetro do saco aneurismático 
entre 10 e 15mm, em 9,6% houve uma diminuição do diâmetro do saco aneurismático 
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entre 15 e 20mm, em 5,7% houve uma diminuição do diâmetro do saco aneurismático 
entre 20 e 25mm, em 3,8% houve uma diminuição do diâmetro do saco aneurismático 
entre 25 e 30mm e em 3,8% houve uma diminuição do diâmetro do saco aneurismático 
superior a 30mm. 
Na análise da associação entre o comportamento do saco aneurismático e o 
desenvolvimento de endoleak, não foi observada significância estatística (quadro 29). 
 





Desenvolvimento de endoleak 
SE Sem EL EL I ou EL III EL II 
EL II + EL 
I ou EL III 






























< 5mm 21,7% 19,8% 29,7% 6,7% 33,3% 
5-10mm 31,8% 30,2% 37,8% 40% 11,1% 
10-15mm 12,7% 13,5% 5,4% 13,3% 33,3% 
15-20mm 9,6% 11,5% 5,4% 6, 7% 11,10% 
20-25mm 5,7% 6,3% 5,4% 6,7% 0% 
25-30mm 3,8% 5,2% 0% 0% 11,1% 
> 30mm 3,8% 5,2% 0% 6,7% 0% 






d) Factores de risco anatómico para a realização do EVAR e a re-intervenção 
cirúrgica 
 
Na análise da relação entre os factores de risco anatómico para a realização do EVAR, 
definidos anteriormente, e a re-intervenção cirúrgica, observou-se uma associação com 
significância estatística em relação ao diâmetro aneurismático, à angulação do colo 
aneurismático superior a 50º, à grande tortuosidade das artérias ilíacas e ao diâmetro da 
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Quadro 30 - Factores de risco anatómico para a realização do EVAR e re-intervenção cirúrgica 
Factores de risco anatómico para 
a realização do EVAR 
Taxa de re-
intervenção SE 
Factores de risco anatómico 
para a realização do EVAR 
Taxa de re-
intervenção SE 









S < 50% 10% < 50º 4,2% 
> 50% 0% > 50º 38,5% 
Extensão do colo 
aneurismático 






média 11,4% S 
> 10mm 12,9% grande 37,5% 
Trombo no colo 
aneurismático 
< 50% do 




< 20mm 12,7% 
N 
> 50% do 
perímetro 4,5% > 20mm 20,5% 
Diâmetro do colo 
aneurismático 






< 20mm 10,7% 
S 
> 28mm 14,3% > 20mm 34,6% 






< 60mm 9,3% 
S 
Cónica 14,3% > 60mm 23,3% 
Cónica 
invertida 14,3% Associação de factores de risco 
anatómico para 







1 factor 12,2% 
2 ou mais 
factores 25% 




e) Tipo de endoprótese implantada e a re-intervenção cirúrgica 
 
Na análise da relação entre o tipo de endoprótese implantada e a re-intervenção cirúrgica, 
não se observou uma associação com significância estatística (quadro 31). 
 
Quadro 31 - Tipo de endoprótese implantada e re-intervenção cirúrgica 
Tipo de endoprótese Taxa de re-intervenção SE 
Fixação infra-renal aorto-bi-ilíaca 11,9% 
N Fixação supra-renal aorto-bi-ilíaca 21,4% 
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3.2.7. Análise dos custos do procedimento inicial 
 
O custo do tratamento do AAA por EVAR e por cirurgia convencional foi calculado tendo 
em conta o número de dias de internamento, em unidade de cuidados intensivos, em 
unidade de cuidado intermédios e na enfermaria de cirurgia vascular, o tempo de 
ocupação do bloco operatório, o número de unidades de concentrado de glóbulos rubros 
transfundidas e o custo da prótese. Foi aplicado o custo destes itens no Hospital de 
Santo António disponibilizados pelos Serviços Financeiros.  
 
 
Custo total do procedimento = (dias de internamento em UCI x custo da diária) 
+ (dias de internamento em Unidade de Cuidados Intermédios x custo da diária) 
+ (dias de internamento em enfermaria de cirurgia vascular x custo da diária) 
+ (tempo de ocupação de bloco operatório x custo/hora de bloco operatório) 
+ (número de unidades de glóbulos rubros transfundidas x custo de unidade 
de glóbulos rubros) 
+ custo da prótese 
 
Pagamento efectuado ao hospital = preço do doente equivalente em cirurgia programada x índice de 




a) Custo global 
 
O custo médio do tratamento endovascular foi de 11.404,00€ e o da cirurgia convencional 
foi de 9.955,70€ (quadro 32). 
Quadro 32 - Custo global 
 Médio Mediano Desvio padrão Mínimo Máximo Percentil 25 Percentil 75 
Grupo A 11.404,00€ 10.387,70€ 4.489,40€ 9.081,50€ 50.779,70€ 9.979,30€ 11.141,70€ 




b) Custo e idade 
 
O custo médio do tratamento endovascular, nos doentes com idade inferior a 70 anos foi 
de 11.658,00€, nos doentes com idade entre 70 e 80 anos foi de 11.110,30€ e nos 
doentes com idade superior a 80 anos foi de 11.521,80€. O custo médio da cirurgia 
convencional, nos doentes com idade inferior a 70 anos foi de 9.478,80€, nos doentes 
Casuística Clínica 
Página | 66 
com idade entre 70 e 80 anos foi de 10.836,60€ e nos doentes com idade superior a 80 
anos foi de 8.607,60€ (quadro 33). 
 
Quadro 33 - Custo e idade 
 






<70 anos 11.658€ 10.226,8€ 6.157,8€ 9.270€ 50.779,7€ 9.867,5€ 10.996,7€ 
70-80 anos 11.110,3€ 10.484,7€ 2.163€ 9.433€ 20.979€ 10.017,8€ 11.317€ 
>80 anos 11.521,8€ 10.371,3€ 4.752,8€ 9.081,5€ 40.240,7€ 10.007,8€ 11.068,4€ 
 
Grupo B 
<70 anos 9.478,8€ 6.218,9€ 12.925,1€ 3.839,9€ 95.144€ 5.189,5€ 8.217,3€ 
70-80 anos 10.836,6€ 9.370,8€ 6.549,8€ 3.819€ 36.003€ 6.180,4€ 13.155,8€ 





c) Custo e classificação ASA 
 
O custo médio do tratamento endovascular, nos doentes classificados como ASA II foi de 
11.356,50€, nos doentes classificados como ASA III foi de 10.776,70€ e nos doentes 
classificados como ASA IV foi de 14.725,20€. O custo médio da cirurgia convencional, 
nos doentes classificados como ASA II foi de 9.613,50€, nos doentes classificados como 
ASA III foi de 8.758,00€ e nos doentes classificados como ASA IV foi de 21.729,80€ 
(quadro 34). 
 
Quadro 34 - Custo e classificação ASA 
 






ASA II 11.356,5€ 9.990€ 6.185,3€ 9.270€ 40.240,7€ 9.694,2€ 10.431,8€ 
ASA III 10.776,7€ 10.371,3€ 1.849€ 9.081,5€ 22.643,2€ 10.012€ 10.870,8€ 
ASA IV 14.725,2€ 11.926,2€ 8.858,4€ 9.644,3€ 50.779,3€ 10.631€ 15.539,3€ 
 
Grupo B 
ASA II 9.613,5€ 6.471,1€ 7.434,2€ 4.174,2€ 36.003€ 5.707,3€ 10.367,8€ 
ASA III 8.758€ 7.783,2€ 4.469,8€ 3.819€ 24.901,7€ 5.557,3€ 10.829,2€ 




d) Custo e seus diferentes componentes 
  
Na análise do impacto dos diferentes componentes do custo, observou-se que no EVAR 
o custo da endoprótese é determinante (segmento de recta acima da linha tracejada) e o 
custo do internamento em cuidados intensivos não é relevante. Em relação à CC, 
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observou-se que o factor determinante é o internamento em cuidados intensivos, sendo 
que o custo da prótese tem importância marginal (segmento de recta acima da linha 
tracejada) (gráfico 30). 
 





3.2.8. Resultados finais 
 
Na avaliação dos resultados globais dos doentes do grupo A, observámos uma taxa de 
complicações intra-operatórias de 23,4%, uma taxa de complicações aos 30 dias de 12%, 
uma taxa de re-intervenção cirúrgica aos 30 dias de 4,1%, uma mortalidade aos 30 dias 
de 1,2%, uma taxa de re-intervenção tardia (depois dos 30 dias) de 12,3%, uma taxa de 
rotura de 0,6%, uma mortalidade global de 21%, uma sobrevida aos 5 anos de 68,5% e 
um custo médio do procedimento inicial de 11.404€. 
Na avaliação dos resultados globais dos doentes do grupo B, observámos uma taxa de 
complicações intra-operatórias de 14,4%, uma taxa de complicações aos 30 dias de 38%, 
uma taxa de re-intervenção cirúrgica aos 30 dias de 13,7%, uma mortalidade aos 30 dias 
de 5%, uma taxa de re-intervenção tardia (depois dos 30 dias) de 10,6%, uma 
mortalidade global de 23,3%, uma sobrevida aos 5 anos de 76,7% e um custo médio do 
procedimento inicial de 9.955,7€ (quadro 34). 
 










aos 30 dias 
Mortalidade 














Grupo A 23,4% 12% 4,1% 1,2% 12,3% 0,6% 21% 68,5% 11.404,00€ 
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4. Estudos clínicos 
 
Este capítulo pretendeu responder a seis perguntas, que consideramos fundamentais e 
que não estão ainda cabalmente respondidas pela literatura publicada: a relação do 
EVAR com a idade do doente, a relação do EVAR com o sexo do doente, a relação do 
EVAR com o tipo de anestesia utilizada e a classificação ASA, a relação do EVAR com a 
exposição a radiação, a relação do EVAR e a qualidade de vida e o impacto institucional 
que o EVAR condicionou no tratamento do AAA. Para responder a estas perguntas 
utilizámos a nossa casuística clínica.  
 
 
4.1. EVAR e a idade 
Artigo publicado 
 
IS AGE A DETERMINANT FACTOR IN EVAR AS A PREDICTOR OF OUTCOMES OR AT 
PROCEDURE SELECTION? OUR EXPERIENCE. 
Rui Machado, Gabriela Teixeira, Pedro Oliveira, Luís Loureiro, Carlos Pereira, Rui Almeida 
Brazilian Journal of Cardiovascular Surgery, 2016;31(2):132-9 
Impact factor - 0,55 
 
 
4.2. EVAR e o sexo 
Artigo publicado 
 
Endovascular Abdominal Aneurysm Repair in Women: What are the differences between the 
genders? 
Rui Machado, Gabriela Teixeira, Pedro Oliveira, Luís Loureiro, Carlos Pereira, Rui Almeida 
Brazilian Journal of Cardiovascular Surgery, 2016;31(3):232-8 
Impact factor - 0,55 
 
 
4.3. EVAR e a radiação 
Artigo aceite para publicação 
 
RADIATION EXPOSURE IN ENDOVASCULAR INFRA-RENAL AORTIC ANEURYSM REPAIR AND 
FACTORS THAT INFLUENCE IT 
Rui Machado, Vítor Ferreira, Luís Loureiro, João Gonçalves, Pedro Oliveira, Rui Almeida 
Brazilian Journal of Cardiovascular Surgery (aceite, aguardando publicação) 
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4.4. EVAR e o tipo de anestesia 
Artigo enviado para publicação 
 
INFLUENCE OF ASA CLASSIFICATION AND ANESTHESIA TYPE ON ENDOVASCULAR REPAIR 
OF INFRARENAL AORTIC ANEURYSM 
Rui Machado, Vítor Ferreira, Pedro Oliveira, Luís Loureiro, Rui Almeida 
Brazilian Journal of Cardiovascular Surgery (em revisão) 
Impact factor - 0,55 
 
 
4.5. EVAR e a qualidade de vida 
Artigo enviado para publicação 
 
ABDOMINAL AORTIC ANEURYSM ENDOVASCULAR TREATMENT AND QUALITY OF LIFE 
Inês Furtado, Rui Machado, Rui Almeida  




4.6. EVAR e o impacto institucional 
Artigo publicado 
  
INSTITUTIONAL IMPACT OF EVAR’S INCORPORATION IN THE TREATMENT OF INFRA-RENAL 
ABDOMINAL AORTIC ANEURYSMS: A TWELVE-YEAR EXPERIENCE ANALYSIS 
Rui Machado, Inês Antunes, Pedro Oliveira, Carlos Pereira, Rui Almeida 
Brazilian Journal of Cardiovascular Surgery, 2016;31(2):98-105 




ENDOVASCULAR TREATMENT OF AORTIC ANEURYSMS AND BLOOD TRANSFUSION. WHAT 
DO WE NEED? 
Rui Machado, Luís Loureiro, Jorge Coutinho, Rui Almeida 
Acta Med Port 2016 May;29(5):310-314 
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4.1. EVAR e a idade 
 
Is age a determining factor in EVAR as a predictor of outcomes or for procedure 
selection? Our experience. 
 
R. Machado1, G. Teixeira1, P. Oliveira2, L. Loureiro1, C. Pereira1, R. de Almeida1 
1 - Angiology and Vascular Surgery Department, Oporto Hospital Center 
2 - Population Studies Department - Instituto de Ciências Biomédicas Abel Salazar, University of Porto. 
 
ABSTRACT 
Introduction: Endovascular aneurysm repair (EVAR) is the therapy of choice in high risk patients with 
abdominal aortic aneurysm. The good results described are leading to the broadening of clinical 
indications to younger patients. However, reintervention rates seems higher and even with successful 
treatment sometimes there is growth of the aneurysm sac and rupture, meaning a failure of the 
therapeutic goal. This study propose to analyse the impact of age at patient selection and post EVAR 
results. 
Methods: The clinical records of consecutive patients undergoing EVAR, between 2001-2013, were 
retrospectively reviewed. Patients were divided according to age groups (<70, 7080 and >80 years). 
Gender, body mass index, aneurysm anatomic features, neck characteristics, iliac morphology, 
surgical indication, endograft type, ASA classification, length of stay, reinterventions and mortality were 
analysed and compared. 
Results: The study included 171 patients, 161 men (94,1%), and mean age 73.5±9.7 years. Age group 
under 70 had 32% of the patients. Only three characteristics were found different between age groups: 
1) body mass index was higher in younger patients, with a considerable trend toward significance 
(p=0.06); 2) surgical indication, in the younger group, surgeon's and the patient's option were more 
proeminent (p<0.05%); 3) erectile dysfunction was higher in elderly group (p<0.05). No other clinical 
and anatomical characteristics or final outcomes were found statisticaly different between age groups. 
Conclusion: The absence of statistically differences in mortality and reinterventions between age 
groups suggests that age by itself is not a relevant factor in EVAR. Indeed, the three characteristics 
different in younger (obesity, sexual function and patient's choice) favor EVAR. 
 
Objectives 
Since Parodi’s publication in 1991 about the first endovascular aneurysm repair (EVAR)(1), 
this therapy has been widely used in elderly and highrisk patients. Several randomized 
controlled trials showed less mortality, a shorter length of stay, lower consumption of 
blood products, and better shortterm quality of life with EVAR(2-5). When it comes to 
younger patients, it is imperative to question the procedure’s durability, reintervention 
rates, and the probability of aneurysm sac growth and rupture. The purpose of this study 
is to investigate if there is any association between age at the time of EVAR, clinical 
characteristics of the patients and the outcomes of the procedure compared between 
different age groups. 
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Methods 
The clinical records of consecutive patients undergoing EVAR for infrarenal Abdominal 
Aortic Aneurysm (AAA) or aortoiliac aneurysms between October 2001 and December 
2013 in our department were retrospectively reviewed. All surgeries took place in a 
operation room equipped with a Philips BV 300 C-Arm and a radiolucent table, and were 
performed by the same surgical team. The surgical criteria were infra-renal fusiforme AAA 
with diameter equal or superior to 5cm and AAA associated with iliac aneurysms with 
diameter equal or superior to 3cm, saccular aneurysms and false aneurysms. The 
endrografts used were Talent Bi- and Uni-Iliac (suprarenal fixation, by friction) and Gore-
Excluder Bi-Iliac (infrarenal fixation, by barbs); after October 2008 the Endurant Bi- and 
Uni-Iliac (suprarenal fixation, by hooks) were used. Patients were divided by group age of 
younger than 70 years old (y.o.), 70 to 80 y.o. and older. Sex, atherosclerotic risk factors 
(hypertension, diabetes, smoke history, dyslipidemia), cerebrovascular disease, peripheral 
arterial disease, body mass index (BMI), anatomic features, aneurysm diameter, neck 
characteristics (diameter, angulation, length, calcification, thrombus), iliac morphology 
(tortuosity and diameter), anatomical risks, internal iliac artery aneurysm, surgical 
indication for EVAR, endograft type, American Society of Anesthesiologists (ASA) 
classification, anesthetic technique, length of stay, reinterventions, mortality, and costs 
were analyzed and compared. 
Statistical analysis included t-tests for two independent samples, analyses of variance in 
the case of several groups, and chisquare tests for the comparison of categorical 
variables. Nonparametric tests were used when the normality or homogeneity of variances 
was not observed. All the analyses were performed using IBM SPSS Statistics, version 
22; the statistical significance of two-sided tests was assumed to be P<0.05. 
 
Results 
One hundred and seventyone patients, of which 94.2% (161/171) were men, underwent 
EVAR. The mean age was 74.1 years and the median was 75, with a standard deviation 
of 8.9 (min.: 38; max.: 93). The under 70 age group had 32% of the patients, 38.4% were 
between 70 and 80 years old, and 29.7% were more than 80 years old. The median time 
of followup was 32.7 ± 29.8 months. 
Pre, intra, and postoperative data are shown in Table 1. Atherosclerotic risk factors, 
cerebrovascular and peripheral arterial disease and Body Mass Index (BMI) are shown in 
Table 2. Younger patients had a higher BMI, near to statistical significance (P=0.06). 
Seventynine patients (44.6%), with a mean age of 75.5 ± 7.2 years, had erectile 
dysfunction pre-EVAR, compared to 92 patients (55.4%) without erectile dysfunction, with 
a mean age of 70.7 ± 8.7. This age difference was statistically significant (P<0.05). 
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Grouping erectile dysfunction by age, there is an obvious tendency for it to increase with 
age (Graphic 1). The need for blood transfusion during hospitalization was also higher in 
older patients, as shown in Figure 2, and this difference was statistically significant 
(P<0.05). 
 
Table 1 - Pre, intra and postoperative data by age groups 
 
Age groups SS 
< 70 years 70-80 years > 80 years 
Aneurysm morphology 
Aortic 30,4% 41,1% 28,6% 
N 
Right aortoiliac 34,6% 30,8% 34,6% 
Left aortoiliac 38,5% 53,8% 7,7% 
Bilateral aortoiliac 30% 45% 45% 
IIA Aneurysm 5,8% 12,1% 12% N 
Aneurysm Diameter 61,7 mm 61,2 mm 64,5 mm N 
Neck angulation 
0º 24,5% 18,6% 9,5% 
N < 50º 42,9% 47,5% 52,4% 
> 50º 32,7% 33,9% 38,1% 
Neck thrombus 
0% 79,2% 63,8% 70,7% 
N 
< 25% 10,4% 17,2% 7,3% 
25-50% 2,1% 6,9% 4,9% 
50-75% 6,3% 10,3% 12,2% 
> 70% 2,1% 1,7% 4,9% 
Neck Diameter 22 mm 22,8 mm 22,8 mm N 
Neck Length 23 mm 23 mm 24 mm N 
Neck Shape 
Straight 62% 61,4% 69,8% 
N 
Conic 28% 29,8% 26,5% 
Inverted 6% 3,5% 4,7% 
Other shapes 4% 5,3% 0% 
Neck calcification 
0% 0% 5% 4,5% 
N < 50% 75% 68,3% 64,3% 
> 50% 25% 26,7% 26,2% 
Left CIA Diameter < 20 mm 72% 78,9% 83,3% N 
> 20 mm 28% 21,1% 17,7% 
Right CIA Diameter < 20 mm 85,7% 78,9% 83,3% N 
> 20 mm 14,3% 21,1% 17,7% 
Iliac Tortuosity 
small 43,2% 33,3% 19% 
N medium 37,8% 44,4% 38,1% 
large 18,9% 22,2% 42,9% 
ASA 
II 22,6% 16,1% 6,4% 
N III 64,2% 69,4% 83,3% 
IV 13,2% 14,5% 12,7% 
Anaesthesia 
General 38% 42,2% 23,4% 
N Local 0% 4,7% 6,4% 
Loco-regional 62% 53,1% 70,2% 
Length of Stay 7.2 days 6.17 days 5.54 days N 
Re-Intervention 9,3% 21,2% 17,6% N 
30-day Mortality 0% 0% 3,9% N 
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< 70 years 70-80 years > 80 years 
Arterial hypertension 83,3% 90,9% 76,5% N 
Active smokers 38,9% 7,7% 3,9% N 
Former smokers 48,1% 70,8% 54,9% N 
Dyslipidemia 66,7% 73,8% 60,8% N 
Diabetes mellitus 20,4% 13,8% 21,6% N 
Cerebrovascular disease 24,1% 26,2% 5,9% N 




No risk factors 25% 25% 25% 
N 
1-2 risk factors 32,6% 30,2% 37,2% 
3-4 risk factors 30,9% 41,5% 27,7% 
5 or + risk 
factors 38,9% 55,6% 5,6% 
BMI 
< 25 Kg/m2 30,6% 34% 60,4% 
P=0,06 25-30 Kg/m2 38,8% 41,5% 33% 
> 30 Kg/m2 30,6% 24,5% 17,7% 
SS- Statistical significance Y- yes N- no 
 
Graphic 1 - Erectile dysfunction pre-EVAR and age 
  
 


























< 70 70-80 > 80
p=0,07
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Indications for EVAR were divided in a high risk profile (clinical + hostile abdomen), 
surgeon’s option, and patient’s option. In the under 70 age group, the decisions were 
73.6%, 15.1%, and 11.3%, respectively; in the 70–80 age group, they were 80%, 12.3%, 
and 7.7%, respectively, and in the age >80 group they were 98%, 2%, and 0%, 
respectively. There was a statistically significant difference between age groups and 
indication for EVAR: in the younger group, the surgeons’ and the patients’ options were 
more frequent.The types of endografts used are described in Table 3. 
 
Table 3 - Type of endograft by age group 
 
Anatomic risk factors for EVAR were defined as a neck angle >50º, a neck diameter 
>28mm, a neck length <10mm, calcification of >50% of the neck circumference, thrombus 
>50% of the neck circumference, iliac diameter >20mm, and large iliac tortuosity. In Figure 
3 we divided the number of risk factors presented into 0, 1, and 2 or more risk factors by 
age groups. No significant relationship was found between risk factors and age groups. 
 
Graphic 3 - EVAR risk factors association by age group 
 
 
We reported no statistical difference in the incidence and type of endoleak, as shown in 








< 70 70-80 > 80
No risk factors 1 risk factor 2 or more risks factors








































































42.59% 25.93% 16.6% 1.85% 7.41% 36.29% 32.31% 21.54% 4.62% 4.62% 24.49% 57% 22.45% 6.12% 
No statistical significance 
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Two deaths were registered at the 30-day follow-up, both in the >80 age group. The 
global mortality rate was 1.2% (2/171). 
 
















II + I/III SS 
< 70 
years 63% 37% 
N 
< 70 
years 63% 3.7% 25.9% 7.4% 
N 70-80 years 56.3% 43.7% 
70-80 
years 56.3% 12.5% 28.1% 3.1% 
> 80 
years 59.6% 40.4% 
> 80 
years 59.6% 12.8% 19.1% 8.5% 
SS- Statistical significance N- no  SS- Statistical significance N- no 
 












0-5mm 26,0% 16,1% 24,4% 
5-10mm 30,0% 32,3% 33,3% 
10-15mm 6,0% 14,5% 17,8% 
15-20mm 8,0% 14,5% 4,4% 
20-25mm 8,0% 6,5% 2,2% 
25-30mm 8,0% 1,6% 2,2% 
> 30mm 6,0% 3,2% 2,2% 






Graphic 4 - In the population below 70 years, the median survival were 9,9 years, standard deviation 0.7 (CI 95 – 8.5 to 
11.2. The population with 70 -80 years had a median survival of 7.2 years, standard deviation 0.7 (CI 95 – 5.8 to 8.6). 
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The mean procedure cost was for patients with <70 years 11.658€, for patients between 
70-80 years 11.110,3€, and for patients with >80 years 11.521,8€ (Table 7). 
 
Table 7 - Costs and age 











<70 years  11.658€ 10.226,8€ 6.157,8€ 9.270€ 50.779,7€ 9.867,5€ 10.996,7€ 
N 70-80 years  11.110,3€ 10.484,7€ 2.163€ 9.433€ 20.979€ 10.017,8€ 11.317€ 
>80 years  11.521,8€ 10.371,3€ 4.752,8€ 9.081,5€ 40.240,7€ 10.007,8€ 11.068,4€ 
SS - statistical significance Y- yes N- no 
 
Discussion 
It is the consensus that EVAR is indicated in elderly and high risk patients. However, in 
light of good results, the indication for EVAR has been progressively extended to younger 
and less highrisk patients, and also to patients with added anatomical risks. So, it is fair to 
question if age is an important factor in choosing EVAR as the best therapeutic choice. 
EVAR growth has been overwhelming. Albuquerque et al. documented a significant 
increase in the number of EVARs performed between 2005 and 2008, with an average 
rate of 84%, compared to a rate of 42.2% between 1996 and 2002.(6) Scwarze et al 
reported a 162% increase for patients >85 years old between 2001 and 2006. For those 
younger (50–64 years old), the increase was less pronounced. Still, in 2005 and 2006, for 
this age group EVAR was already a commonly chosen procedure.(7) 
A factor to consider when choosing a therapy is the life expectancy of this group of 
patients. Alta N et al. mentioned that independently of the technique used in AAA 
treatment, in young patients, the mortality rate at 6 years was 40%, with most of the 
deaths unrelated to the aneurysm.(8) 
Darwood et al stated that the group of patients with aneurysms 4-5.4cm in diameter 
diagnosed by a screening in Gloucestershire had a 10-year mortality of 58%.(9) Therefore, 
the survival rate of the patient with an AAA can be much lower than that of the general 
population. 
Mani et al, using the Swedish Vascular Registry from 1987 to 2005, published a 5-year 
survival rate of 69.0% and a 10-year survival rate of 39.3% after elective correction of 
AAAs. Mean survival was 8.9 years (99% CI: 8.7-9.2). No significant difference in relative 
survival was observed between different age groups.(10) In our study, we estimated 
survival curves of 9.9 years for those younger than 70 years, 7.2 years for those aged 70-
80 years, and 8.3 years for the elderly, those over 80 years old. 
The published randomized trials EVAR1(2, 11), DREAM(3), and OVER(4), comparing EVAR 
with conventional surgery, showed that early death rates were lower with EVAR (1.7% vs. 
4.7%, P = 0.009; 1.2% vs. 4.6%, P = 0.10; and 0.5% vs. 3%, P=0.004, respectively). 
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EVAR1(11) showed higher reintervention rates, all graft related (23.2% vs. 8.9%, P<0.001). 
The OVER study included laparotomy related complications (incisional hernia, bowel 
ischemia or obstruction) and showed similar reintervention rates (22.1% vs. 17.8%, P = 
0.12); the time to a secondary therapeutic procedure or death was also similar (1.06 years, 
P=0.57). 
The ACE study showed a death rate higher with EVAR compared to conventional surgery 
(1.6% vs. 0.6%, P=0.09, not statistically significant) and a higher reintervention rate (16% 
vs. 2.7%, P < 0.0001), but reinterventions for incisional repair were not recorded.(5) 
In our study, a global mortality of 1.2% (very similar to the mortality rates published in the 
literature after EVAR) was noted. By age group, zero mortality was noted in both the <70 
and 7080 age groups, and two deaths were registered in the >80 age group (2/51, 3.9%). 
Although not statistically significant, the trend to lower mortality suggested the safety of 
EVAR in younger people. 
Reinterventions seem to be more frequent after EVAR, but the majority are minor 
endovascular reinterventions with relatively low 30-day mortality, as stated by Giles et 
al(12). Recently, Lee et al described a nonsignificant difference in the reintervention rate 
between EVAR (16%) and conventional surgery (12%) in a single center retrospective 
review(13) In our study, there was no statistical difference in reinterventions between 
different age groups. Indeed, the number of reinterventions were fewer in younger groups: 
9.3% (<70 years old), 21.2% (70-80 years old), and 17.6% (>80 years old). 
The EVAR2 study compared a set of patients unfit for open repair(14) This study is the 
closest to our experience, as the majority of our patients submitted to EVAR had clinical 
contraindications for open surgery. In EVAR2 this group was submitted to EVAR or 
underwent clinical followup. This study showed a higher death rate with EVAR compared 
to the EVAR1 study (9% vs. 2.1%). However, Sungho Lim et al, applying the same criteria 
as EVAR2, had mortality rates much lower and similar to the remaining literature.(15) 
The population study made by Schernerhorn comparing EVAR with Open Repair (OR) 
revealed a mortality rate of 1.2% vs. 4.8%, respectively.(16) The benefits of EVAR were still 
present after three years of follow-up, when both procedures’ results were matched. In the 
64-74-year-old age, the results are comparable after the first year, while in the group of 
patients over 85 years old there was still an advantage for the EVAR procedure at the 
fourth year. 
The indication for EVAR in young patients can be questioned after Schanzer’s 
publication.(17) This analysis revealed that 5 years after EVAR, there was aneurysm sac 
growth over 5 mm in 41% of patients. The predisposing factors to this growth were conical 
aortic neck, aortic neck diameter >28mm, neck angle >60º, iliac diameter >20mm, and the 
presence of an endoleak. As younger patients had a longer life expectancy, it seems to 
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also present a higher risk of sac growth. However, in this study, the primary determinant 
of AAA sac enlargement was the presence of an endoleak, and the majority of endoleaks 
(76%) became evident during the first year post-EVAR. Besides, analyzing additional 
significant predictors of AAA sac enlargement in a multivariable analysis in those over 80 
years old, age was considered one predisposing risk factor too. In our study, there was no 
significant difference in sac enlargement between older and younger patients. 
In our study, considering the retirement age in the public sector (70 years) and life 
expectancy in Portugal (81 years, according to the Global Health Observatory Data 
Repository, 2012, http://apps.who.int/gho/data/node.main.688?lang=en), patients under 
70 were considered young. 
In contrast to randomized studies, with carefully selected patients, ours is a real life study 
with all consecutive patients submitted to EVAR. There is a relevant difference in ASA 
physical status classification among our patients and others mentioned above. We can 
classify our population as ASA I (0%), ASA II (15.4%), ASA III (71%), and ≥ ASA IV 
(13.6%), compared to 10.6%, 65.6%, 22.5%, and 1.3%, respectively, as reported by the 
ACE trial(5) and 21.4%, 70.5%, 8.1%, and 0%, as described by the DREAM trial.(18) 
Therapeutic choice was based on a set of parameters such as the surgical risk (both 
clinical and anatomic), the anatomical characteristics of the aneurysm, and the surgeon’s 
and patient’s option. Winterborn et al, after a semistructured telephone interview with 
patients with small AAAs, concluded that the majority would prefer EVAR.(19) Their major 
fears were the risk of organ failure and death. The type of incision, radiation exposure, 
and the risk of sexual dysfunction were ranked as the least important. Another three 
studies placed EVAR first among patients’ preferences, for whom lower shortterm 
morbidity and mortality and a shorter length of stay took precedence over a higher risk of 
future reinterventions(19-21) In our study, the surgeons’ and patients’ preferences for EVAR 
were statistically relevant in the younger group. 
Another factor was relevant between age groups, and it may have had an impact on 
therapeutic choice: erectile dysfunction was significantly more frequent in older patients. 
As described elsewhere, sexual function deterioration is more frequent after open 
surgery.(22) So, we can assume that for younger patients, with preserved sexual activity, 
EVAR could be a better solution, as long as the internal iliac artery is preserved, as it does 
not interfere with parasympathetic chains and has a lower risk of producing sexual 
dysfunction. 
During hospitalization, older patients needed a great number of blood transfusions. This 
difference was statistically significant and may suggest lower rates of early complications 
in younger patients. We haven’t observed different costs between different age groups. 
Estudos Clínicos 
Página | 80 
Obesity is a known risk factor for open surgery, and it is associated with worse outcomes. 
As published in a meta-analysis, after a review of 4 studies with a total of 2440 patients, 
30-day postoperative mortality was statistically higher with open surgery, as was 
myocardial infarction, chest infection, renal failure, and wound infection, compared to 
obese patients submitted to EVAR(23) In our study, one-third of the younger group was 
obese and, in these patients, EVAR is favored over open surgery. 
Veith et al, arguing against level 1 studies, had no doubts: in fit patients with suitable 
anatomy, and when performed with requisite skills, facilities, and equipment, “do it by 
endovascular aneurysm repair!”(24) His position is based on several points: first, we do it 
better than we did it when we started, so the actual results are better than those published 
10 years ago, and we still considered level 1 evident (EVAR1, OVER); second, 
endoprotheses are better, with lower migration and late failure and, finally, now we know 
and understand complications and we treat them in a useful time period (in EVAR1, all 
endoleaks were considered complications and many complications were detected but left 
untreated). Also EVAR processing technical details are getting improved, as recently 
stated by Molinari et al(25), who concluded that as time goes by, the level of performance 
has increased and interventional procedures are done more efficiently, with less contrast 
injections and exposure to ionizing radiation. 
 
Conclusion 
Analyzing our experience, the absence of statistical differences between mortality and 
reinterventions between different age groups reveals that age itself is not a relevant factor 
in EVAR outcomes. Indeed, the three characteristics statistically different in younger 
patients (obesity, sexual function, and patient’s choice) can favour EVAR. No other clinical 
variables, surgical reintervention, mortality or costs were statistically different between age 
groups. Thus, we can suggest that age is not important as association to procedure 
related EVAR outcomes when compared to older patients, and thereby may not be 
decisive in surgeon’s choice towards EVAR in a younger population; however, the 
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Graphic 1 - Erectile dysfunction pre-EVAR and age 
Graphic 2 - Blood transfusion during hospitalization by age group 
Graphic 3 - EVAR risk factors association by age group 
Graphic 4 - In the population below 70 years, the median survival were 9,9 years, standard 
deviation 0.7 (CI 95 – 8.5 to 11.2. The population with 70 -80 years had a median survival of 7.2 
years, standard deviation 0.7 (CI 95 – 5.8 to 8.6). Older than 80 years had a median survival of 8.3 
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4.2. EVAR e o sexo 
 
EVAR in women: What are the differences between the sexes? 
 
R. Machado1, G. Teixeira1, P. Oliveira2, L. Loureiro1, C. Pereira1, R. de Almeida1 
1 - Angiology and Vascular Surgery Department, Oporto Hospital Center 
2 - Population Studies Department - Instituto de Ciências Biomédicas Abel Salazar, University of Porto 
 
ABSTRACT 
Objective: Abdominal aortic aneurysm (AAA) has a lower incidence in the female population but a 
higher complication rate, especially a higher risk of rupture. It was been hypothesized that maybe some 
different anatomical characteristics of AAAs in women could be responsible for this higher rate of 
complications and worse results after treatment. We proposed to analyze our data to understand the 
differences in the clinical and anatomical characteristics of patients submitted to Endovascular 
Aneurysm Repair (EVAR) and the outcomes after, according to gender.  
Methods: Retrospective analysis of a total of 171 patients treated between October 2001 and 
December 2013 and with a diagnosis of infrarenal aortic or aortoiliac aneurysms. Patients were divided 
according gender and evaluated regarding age, body mass index, aneurysm morphology, aneurysm 
diameter, aneurysm shape, neck characteristics, iliac morphology, anatomical risks, internal iliac artery 
aneurysms, the surgical indication for EVAR, endograft type, American Society of Anesthesiologists 
classification, anesthetic technique, length of stay, reinterventions, and mortality. Two statistical studies 
were performed, first comparing women and men (Group A), second comparing women and an age-
adjusted subgroup of men (Group B). 
Results: Of the 171 patients, 94.2% (n = 161) were males and 5.8% (n = 10) were females. Women 
were older (P < 0.05), and the number of women with no atherosclerotic risk factor was significantly 
higher compared to men (P < 0.05). The comparison adjusted by age revealed women with statistically 
less smoking history, less cerebrovascular disease, ischemic heart disease and vascular neurological 
disease. Women had a trend do more complex anatomy, with more iliac intern artery aneurysms and 
bigger aneurysm diameter, and with neck angulations statistically more elevated. No other variables 
were statistically different between age groups, neither reintervention nor mortality rates. 
Conclusion: Our study showed a clear difference in the clinical characteristics of women. The female 
population was statistically older, and when compared with a subgroup of men adjusted by age, 
women had less smoking history, less cerebrovascular disease and ischemic heart disease. 
Anatomical characteristics of the aneurysms between men and women also showed statistical 
differences, with women having more angulated neck (>70º) and a trend to more complex anatomy, but 
with the same outcomes. 
 
Introduction 
Abdominal aortic aneurysm (AAA) has a lower incidence in the female population but a 
higher complication rate, especially a higher risk of rupture. It was been hypothesized that 
maybe some different clinical and anatomical characteristics of AAAs in women that could 
be responsible for this higher rate of complications and worse results after treatment. 
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As the incidence of AAAs is higher in men, the therapeutic indications for AAAs in women 
are generally extrapolated from studies that have a small number of women, and so they 
are based mostly on results obtained from men. 
We decided to evaluate in our center, if sex had influence on the clinical, anatomical 
characteristics and outcomes after Endovascular Aneurysm Repair (EVAR). 
 
Material and methods 
A retrospective analysis of our database of patients undergoing EVAR was performed. A 
total of 171 patients treated between October 2001 and December 2013 and with a 
diagnosis of infrarenal aortic or aortoiliac aneurysms were included.  
Patients were divided according gender and evaluated regarding age, body mass index 
(BMI), aneurysm morphology (aortic, right aortoiliac, left aortoiliac, bilateral aortoiliac), 
aneurysm diameter, aneurysm shape (conical, reverse conical, cylindrical, other), neck 
characteristics (diameter, calcification, thrombus, angulation), iliac morphology (tortuosity 
and diameter), anatomical risks, internal iliac artery aneurysms, the surgical indication for 
EVAR, endograft type, American Society of Anesthesiologists (ASA) classification, 
anesthesic technique, length of stay, reinterventions, and mortality. The adopted surgical 
criteria were infra-renal fusiforme AAA with diameter equal or superior to 5cm and AAA 
associated with iliac aneurysm equal or superior to 3cm, saccular aneurysms, and 
pseudoaneurysms. 
Two statistical studies were performed, first comparing women (10) and men (161) (Group 
A), second comparing women (10) and an age-adjusted subgroup of men (47) (Group B). 
The statistical analysis included t-tests for two independent samples, analyses of variance 
in the case of several groups, and chi-square tests for the comparison of proportions 
concerning categorical variables. Nonparametric tests were used when the normality or 
homogeneity of variances was not observed. All the analysis was performed with IBM 




Of the 171 patients, 94.2% (n=161) were males and 5.8% (n=10) were females. We 
analyzed patients submitted to open surgery during the same period and found that 5% 
were women, with no statistical difference between the proportions (P=0.478). The mean 
age of patients submitted to EVAR was 74.1 years, with the median of 75 and a standard 
deviation of 8.9 (min.: 38, max.: 93). In the male population, the mean age was 73.8 ± 8.9 
years, while women’s was 79.8 ± 6.9 years. The female population was statistically older 
(P=0,037).  
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Clinical characteristics comparison between sexes is shown in Table 1. In group A, women 
had statistically fewer association with smoking history, association of atherosclerotic risk 
factors, and fewer vascular neurological disease, and a trend to a fewer arterial 
hypertension. In Group B, women had statistically fewer association with smoking history, 
ischemic heart disease, vascular neurological disease, and a trend to fewer arterial 
hypertension and atherosclerotic risk factors association. 
 













Body Mass Index 
BMI < 25 41,8% 33,3% 
N 
52,3% 33,3% 
N BMI 25-30 36,2% 66,7% 34,1% 66,7% 
BMI> 30 22% 0% 13,6% 0% 
Hypertension Hypertension 85,7% 40% 0,053 87,2% 40% 0,062 
Diabetes Diabetes 18,1% 20% N 23,9% 20% N 
Dyslipidemia Dyslipidemia 68,1% 60% N 73,9% 60% N 
Smokers 
Active Smokers 17,5% 0% Y 13% 0% Y 
Former Smokers 61,9% 10% Y 65,2% 10% Y 
No Smokers 31,4% 90% Y 21,8% 90% Y 
Peripheral Arterial 








1-2 risk factors 24,2% 40% 21,3% 40% 
3-4 risk factors 56,5% 30% 63,8% 30% 
≥ 5 risk factors 11,2% 0% 6,4% 0% 
Ischemic Heart Disease 54,5% 30% N 68,9% 30% Y 
Valvular Heart Disease 26,7% 33,3% N 31,6% 33,3% N 
Heart failure 43,9% 60% N 54,5% 60% N 
Cardiac arrhythmia 36,5% 50% N 52% 50% N 
Vascular neurological disease 12,7% 0% Y 14,9% 0% Y 
COPD 24,3% 20% N 26,7% 20% N 
Respiratory Failure 5,3% 10% N 11,1% 10% N 
Chronical renal insufficiency 22,1% 10% N 17,4% 10% N 
ASA 
classification 
ASA II 15,8% 11,11% 
N 
9,3% 11,1% 
N ASA III 71,7% 55,6% 72,1% 55,6% 
ASA IV 12,5% 33,3% N18,6% 33,3% 
SS - statistical significance Y- yes N- no 
COPD - Chronic obstructive Pulmonary disease ASA - American Society Classification 
 
Detailed aneurysm characteristics are shown in Table 2. There was a statistical 
association between neck angulation >70º and women and a trend to statistical 
significance in the association of internal iliac aneurysm and aneurysm diameter >60mm, 
in both groups. In group A we see a trend to CIA diameter >20mm in women that wasn’t 
confirmed when adjusted by age (Group B). 
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Table 2 - Comparison of aneurysm characteristics between women and men (Groups A and B) 






















AortoIliac 21,8% 40% 19,1% 40% 
Bilateral 
AortoIliac 11.2% 20% 12,8% 20% 
IIA Aneurysm 8.9% 30% 0,07 8,5% 30% 0,09 
Aneurysm Diameter 62.1mm 66.7mm N 60,2mm 66,7mm N 
Aneurysm Diameter 




>60 mm 51,7% 80% 51,1% 80% 
Neck length 




>10mm 88,8% 100% 85% 100% 
Neck diameter 




>28mm 14.3% 12.5% 2,5% 12,5% 
Neck calcification 




>50% 4.1% 12.5% 4,8% 12,5% 
Neck thrombus 




>50% 15.1% 12.5% 12,2% 12,5% 
Neck angulation 
None 18.3% 12.5% 
N 
9,5% 12,5% 
N <50º 48.6% 25% 50% 25% 
>50º 33.1% 62.5% 40,5% 62,5% 




>70º 7,7% 37,5% 7,1% 37,5% 
Neck shape 





Conical 4,9% 0% 2,4% 0% 
Cylindrical 63,4% 75% 73,2% 75% 
Other 3.5% 0% 0% 0% 
Iliac Tortuosity 
Small 
/Medium 76.4% 40% N 
66,7% 40% 
N 
Large 23.6% 60% 33,3% 60% 
Right CIA Diameter 




>20mm 14.8% 50% 22,5% 50% 
Left CIA Diameter 




>20mm 14.8% 44.4% 17,5% 44% 
Right EIA 8.7 9.2 N 8,8% 9,2% N 
Left EIA 8.5 8.3 N 8,5% 9,3% N 
SS - statistical significance Y- yes N- no 
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The exposure time and dose of radiation by sex can be observed in Table 3. 
 






Mean SD Mean SD 
Men 4.8 3.3 22 11.6 
N 
Female 3.7 1.7 19.1 8.2 
SS - statistical significance Y- yes N- no 
SD - Standard deviation 
 
 
The outcomes (anesthesic time, surgical time, need of blood transfusion, lenght of stay, 
type of endoleak, sac behaviour, intraoperative complications, surgical re-intervention, 
thirty-day complications, and thirty-day mortality) showed no statistical difference between 
sexes in the two groups (tables 4, 5, 6, and 7). 
 





(minutes) ES Need blood transfusion ES 
Length of 
stay (days) SS 
Mean SD Mean SD Mean SD 
Group A 








Women 170,1 32,5 95,3 26,8 40,9% 5,5 2,4 
Group B 








Women 170,1 32,5 95,3 26,8 50% 5,5 2,4 
SS - statistical significance Y- yes N- no SD - Standard deviation 
 
 






Men Women Men Women 




Endoleak I or III 10.3% 0% 8,9% 0% 
Endoleak II 24.5% 30% 20% 30% 
Endoleak II + I/III 5.8% 10% 2,2% 10% 
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Men Women Men Women 




sac shrinkage 89,4% 905 86% 90% 
0-5mm 21.8% 20% 20,9% 20% 
5-10mm 32.7% 20% 25,6% 20% 
10-15mm 12.2% 20% 18,6% 20% 
15-20mm 9.5% 10% 11,6% 20% 
20-25mm 4.8% 20% 4,7% 20% 
25-30mm 4.1% 0% 2,3% 0% 
> 30mm 4.1% 0% 2,3% 0% 




Table 7 - Sexes and intraoperative complications, re-intervention, thirty-day complications, and thirty-day mortality (Groups 
































































20% 20% 0% 10% 10% 0% 




Kaplan Meier curves of postoperative survival by patient’s sex show a better survival in 
men but without statically significance The median survival in men was 8.5 years, with a 
standard deviation of 0.5 (95% CI: 7.5-9.5), and 4.6 years in women, with a standard 
deviation of 0.83 (95% CI: 3-6.2). We can see both survival curves in Graphic 1, and there 
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Graphic 1 - Survival curves according to sex 
 
The median survival in men was 8.5 years with a standard deviation of 0.5 (CI 95 - 7.5 to 9.5) and 4.6 years to woman with 
a standard deviation of 0.83 (CI 95: 3 to 6.2). No statistical significance registered. 
 
Discussion 
The surgical indication for AAA is mainly based in two randomized trials.(1, 2) These studies 
have shown the benefit of surgery to patients with aortic aneurysms over 5.5cm, with 
criteria equal for both sexes. However, in these studies there were 83% and 99.2% of 
males, and so it can be questioned if the treatment proposed can be extended for both 
sexes. Likewise, the 3.0cm diameter needed to diagnose an AAA must be questioned if it 
is suitable for both sexes, considering that characteristics like height, body surface and 
weight are different between males and females. 
The larger randomized prospective studies (EVAR-1(3), DREAM(4), OVER(5), ACE(6) and 
EVAR-2(7)) that compared open surgery to EVAR and are seen as references to AAA 
treatment have a male percentage of 91%, 93%, 99.3%, 100% e 76.8%, respectively. This 
huge difference makes us wonder if it is reasonable to extrapolate the results to women. 
Due to a lower prevalence of AAA in women, they are excluded from screening programs, 
but Wanhainen et al suggests that the prevalence may be underestimated.(8) He states 
that if the criteria to diagnose an AAA changes from 3 cm in diameter to 1.5 times the 
diameter of the normal infra-renal aorta, then the prevalence in the age group from 65 to 
75 years would go from 16.9% to 12.9% in men and from 3.5% to 9.8% in women.  
Mofidi et al suggests that aneurysm growth is higher in women than in men (3.67 mm/year 
in women vs. 2.03 mm/year in men, p<0.001).(9) The UK small aneurysm trial also 
revealed a risk of rupture four times higher in women, and a risk of rupture with lower 
diameters (5.0±0.8 cm in women vs. 6.0±1.4 cm in men, p=0.001).(10) 
Estudos Clínicos 
Página | 92 
In 2006, Dillavou et al revealed that EVAR was done to 28% of the women with AAA and 
to 44.3% in men(11) It is supposed that a worse profile of anatomical conditions in women 
explained this difference. 
As for 30-day mortality rate, it was reported to be higher in women submitted to elective 
surgery and in rupture. Norman’s review stated that fatality after elective surgery was 35% 
to 50% higher in women.(3) Heller et al reported a mortality rate after conventional surgery 
of 7.7% in women and 5.1% in men.(12) After EVAR this difference was even higher: 5.1% 
in women vs. 1.7% in men.(4) In a meta-analysis, Grootenboer et al gathered 61 studies 
for a total of 516.118 patients and showed that women with AAA had a higher mortality 
rate comparing to men in the elective treatment by conventional surgery (7.6% vs. 5.1%) 
and in EVAR (2.9% vs. 1.5%).(5) 
One should also account for the higher survival in women and their different physiology: 
until menopause women have hormonal protection; after, this protection is lost, and they 
have a higher incidence of cardiovascular disease comparing to men. 
Starr JE and Halpem V (2013) reviewed the current recommendations and recent 
literature, to help finding the differences between sex.(13) Their review showed that women 
presented later, have a higher rupture rate, and underwent AAA treatment less than men, 
and with varied outcomes, with some studies showing similar short-term and long-term 
results between men and women. They concluded that it must be some sex-specific risks 
inherent to women, although pathophysiologic mechanisms responsible for the difference 
in AAA prevalence between sex have not been determined. They affirmed that it is 
reasonable to recommend routine screening for women older than sixty-five years who 
have ever smoked or who have a family history of AAA and the need of additional 
research to elucidate the reasons for differences between men and women. 
Preiss JE et al searched the differences in late mortality between females undergoing 
elective EVAR for small and/or slow-growing AAAs compared with those who meet 
standard criteria at their institution.(14) They analysed thirty-six women (22% of treated 
patients) for a mean follow-up time of 37.2 months. Sixteen of the thirty-six women 
(44.4%) presented an AAA diameter smaller than 5.5cm or a six-month growing rate 
shorter than 0.5cm. This group had an higher late mortality (37.5% versus 5%; p= 0.03) 
and a trend toward increased reoperation rate. This fact might compromise the EVAR 
indication in women who do not meet the standard criteria. 
Gloviczki P et al analysed the outcome results of consecutive patients who underwent 
EVAR between 1997 and 2011 at a tertiary center, with a total of 934 patients (13% 
female). They concluded that women had an increased rate of complications and 
reinterventions, but not a significantly higher mortality.(15) 
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Chung C et al analysed 1380 consecutive patients who underwent elective EVAR from 
1992 to 2012, of which 214 were women.(18) They referred that women were older and had 
less cardiac disease, had shorter necks and more angulated, had less iliac aneurysms 
and they need more adjunctive arterial procedures, with more perioperative complications, 
longer length of stay and higher rate of endoleaks. Despite more complex aneurysm 
anatomy and more perioperative complications, aneurysm-related deaths and overall 
survival was similar between sex. 
In our experience, EVAR and Open Surgery was offer independently of the sex, women 
were older (p<0.05) and had fewer association with smoking, ischemic heart disease, and 
vascular neurological disease. Concerning the anatomical characteristics, women are 
more associated to neck angulation >70º. There are no statistical significance in the 
outcomes of EVAR between the sexes. 
 
Conclusion 
Despite the absence of significant numbers conditioned by the small sample, and despite 
the inherent limitation of a retrospective non-randomized study, our study shows a clear 
difference in the clinical and anatomical characteristics of the aneurysms among men and 
women, but with the same results of EVAR. This should explored in order to understand 
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4.3. EVAR e a radiação 
 
Radiation exposure in endovascular infra-renal aortic aneurysm repair and factors 
that influence it 
 
R. Machado1, V. Ferreira1, P. Oliveira2, L. Loureiro1, J. Gonçalves1, R. Almeida1  
1 - Angiology and Vascular Surgery Department, Oporto Hospital Center 
2 - Population Studies Department - Instituto de Ciências Biomédicas Abel Salazar, University of Porto 
 
ABSTRACT 
Introduction: The endovascular repair of aortic abdominal aneurysms exposes the patients and surgical 
team to ionizing radiation with the risk of direct tissue damage and induction of gene mutation. This 
study aims to describe standard of radiation exposure in endovascular aortic aneurysm repair and 
factors that influence it. 
Material and methods: A retrospective analysis of a prospective database of patients with abdominal 
infra-renal aortic aneurysms (aortic and aorto-iliac aneurysms) who were submitted for endovascular 
repair was conducted. The study evaluated the radiation doses (dose area product [DAP]), fluoroscopy 
durations and their relationships to the patients, aneurysms, and stent-graft characteristics. In order to 
evaluate the relation between exposure to radiation and aneurysm morphological variables together 
with body mass index, several multiple regression models were studied. In order to obtain a normal 
distribution of the residuals, the dependent variable, exposure to radiation, was log transformed.  The 
final model included as independent variables, body mass index, neck angulation, neck diameter, 
aneurism diameter and type of aneurysm. 
Results:  This study included 127 patients with a mean age of 73 years. Of these patients, 86.2% were 
males and 13.8% were females with a mean body mass index (BMI) of 26.64 kg/m2. The mean DAP 
was 4.8 mGy.m2, and the fluoroscopy time was 21.8 minutes. Aortic bilateral iliac aneurysms, higher 
BMIs, aneurysms with diameters larger than 60 mm, necks with diameters larger than 28 mm, common 
iliac arteries with diameters larger than 20 mm, and neck angulations superior to 50 degrees were 
associated with an increased radiation dose. The number of anatomic risk factors present was 
associated with increased radiation exposure and fluoroscopy time, regardless of any anatomical risk 
factors. Globally, the variation explained by the model, assessed by the adjusted R2 was 
approximately 40%. 
The two most important variables in explaining the exposure to radiation were Body Mass Index and 
neck angulation, and the residual seems to have a proper behaviour. 
Conclusion: The radiation exposure during EVAR procedures is significant (mean DAP 4.8 mGy.m2) 
with potential hazards to the surgical team and the patients. The anatomical characteristics of the 
aneurysm, patient characteristics, and the procedure’s technical difficulty were all related to increased 
radiation exposure during EVAR procedures. Approximately 40% of radiation exposure can be 
explained by BMI, neck angulation, aneurysm diameter, neck diameter, and aneurysm type. 
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Introduction 
The number and complexity of endovascular therapies are increasing in the current 
treatment of aortic aneurysms. As a result of this conduct change, vascular surgeons are 
frequently involved in procedures requiring high doses of ionizing radiation, which 
exposes the surgical team and the patients to potential hazards. This exposure is a 
necessary and accepted feature of modern vascular surgical practice, yet the training in 
radiation usage and protection is below ideal, particularly among surgeons.(1-2) 
In addition to the radiation exposure of the patient and the surgical team during the 
procedure, it is necessary to consider the patient’s exposure to radiation during the 
preoperative study and follow-up through serial computerized tomography (CT) scans. It is 
estimated that 100 deaths per year occur in the United Kingdom as a direct result of 
exposure to radiation in diagnosing and treating diseases, and that 700 cancer cases per 
year result from diagnostic radiography.(3) It is also estimated that cardiology interventional 
procedures cause 83 cancer cases per 100,000 procedures.(3) The consequences of 
radiation usage in vascular interventions are less well studied.   
The radiation exposure can cause two adverse effects: deterministic effect and stochastic 
effect. The deterministic effect consists of a direct lesion causing cellular death when a 
radiation dose exceeds a defined threshold.(4, 5, 6) A transitory skin lesion appears when 
the 2-Gy dose is exceeded, hair loss occurs above a dose of 3 Gy, skin atrophy and 
necrosis happen at a dose of 10–12 Gy, desquamation occurs at a dose of 14–18 Gy, and 
ulceration appears at a dose of 24 Gy or more.(4, 7) There are no such lesions related to 
the EVAR procedures described, but there is evidence confirming that one third of the 
patients are exposed to a dose of 2 Gy or more.(4) Additionally, follow-up CT scans or 
secondary procedures might be required, increasing the risk of the occurrence of direct 
skin lesions.(8, 9) Often, the signs are subtle and delayed, and the cause–effect relationship 
may pass unnoticed. The growing utilization of fenestrated or branched endoprosthesis to 
treat complex aneurysms might increase the radiation usage and the risk of lesion 
occurrence. A patient’s comorbidities, such as diabetes mellitus, conjunctive tissue 
diseases (systemic erithematosus lupus and sclerodermia), chemotherapy, and previous 
exposure to radiation also increase the risk of lesion occurrence.(4) 
The stochastic effect is related to inducing gene mutation and malignancy. The risk of 
malignancy increases with cumulative doses of radiation, but it may be induced by any 
dosage. Therefore, there is not a minimum threshold below which the lesion does not 
occur, and the severity of the effect is independent of the total radiation dose.(5, 6) It can be 
evaluated by micronucleus assay of circulating lymphocytes, which is a sensitive marker 
of biological lesion and of intermediate stages of carcinogenesis.(10) The radiation-induced 
malignancy is probably of minimal concern; however, younger and fitter patients may have 
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a greater risk and must be informed about the risks and alternatives.(11) Factors 
associated with an increased cancer risk are young patient age and aneurism neck 
angulations, which cause difficulties on stent graft placement.(12) A recent debate on 
whether or not young, good-risk patients should be treated with endovascular abdominal 
aortic aneurysm repair instead of open surgery shows that it is necessary to understand 
the late consequences of radiation.(11)  
Taking into consideration the deleterious effects of radiation, the Euratom directive 97/43 
dictates the necessity to protect individuals from radiation, register the quantitative 
exposure in all procedures, and inform the patients about the risks of exposure.(13) It is 
essential to know the levels of exposure of each procedure and establish the standard to 
take actions to diminish the radiation exposure in conformity to the As Low As Reasonably 
Achievable (ALARA) principle.(14) 
This study aims to define the standard of radiation exposure in endovascular aortic 
aneurysm repair and the factors that influence it. 
 
Materials and methods 
This study is a retrospective analysis of our prospective database of endovascular aortic 
aneurysm repair that includes treated cases from January 2007 to January 2013. All 
EVAR procedures were performed in an operating room using a radiolucent table and 
Philips C-arm BV Pulsera fluoroscopy. Low-dose fluoroscopy was performed using pulse 
beam fluoroscopy. All procedures were performed by a team consisting of two vascular 
surgeons. The same surgeon controlled and moved the C-arm, ensuring the homogeneity 
of the sample. The ALARA principle was applied in all cases.(14) 
This study evaluated the indirect measurements of radiation exposure calculated by the 
C-arm software (DAP expressed as mGy.m2), fluoroscopy duration, procedure duration, 
and the patient’s age, sex, BMI, aneurysm diameter, anatomic type of the endoprosthesis 
(aorto-bi-iliac [ABI], aorto-uni-iliac [AUI]), and endoprosthesis fixation (supra-renal or infra-
renal). The stent grafts were from Gore Excluder (Flagstaff, AZ, USA), Medtronic Talent 
(Minneapolis, MN, USA), and Medtronic Endurant (Minneapolis, MN, USA). Anatomical 
risk factors that could increase the technical difficulty of the procedure and influence the 
radiation dose were also registered, including a neck length inferior to 10mm, a neck 
angle of more than 50 degrees, a neck diameter of more than 28mm, a neck calcification 
of more than 50% of the circumference, a neck thrombus of more than 50% of the 
circumference, a common iliac diameter more than 20mm, and excessive iliac tortuosity. 
Three groups of anatomical complexity were also defined as: Group 1 having none of the 
anatomical risk factors listed above; Group 2 having one anatomical risk factor listed 
above; and Group 3 having two or more anatomical risk factors listed above. 
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Indirect measurement of the radiation exposure, which was validated in multiple studies, 
was used as a reliable data source when comparing it with a direct skin dose 
measurement (peak skin dose) using radiochromic films.(4-5) The patients’ ages were 
divided into three groups for statistical analysis as follows: less than 70 years old, 70–80 
years old, and above 80 years old. The patients’ BMIs were subdivided into three 
categories: less than 25, between 25 and 30, and above 30. 
Statistical analysis included a t-test for two independent samples, an analysis of variance 
in the case of several groups, and a chi-square for comparing proportions concerning 
categorical variables. Non-parametric tests were also used when normality or 
homogeneity of variances was not observed. All of the analyses were performed using 
IBM SPSS Statistics, version 22, software. Statistical significance was set at p<0.005. 
In order to evaluate the relation between exposure to radiation and aneurysm 
morphological variables together with body mass index, several multiple regression 
models were studied. 
In order to obtain a normal distribution of the residuals, the dependent variable, exposure 
to radiation, was log transformed.  The final model included as independent variables, 
body mass index, neck angulation, neck diameter, aneurism diameter and type of 
aneurysm. Body Mass Index was included as a continuous variables and the remaining 
variables were included as binary variables. 
 
Results 
The study included 127 patients with an average age of 73 years (minimum 35 years, 
maximum 92 years). Of these patients, 86.2% were males and 13.8% were females, all 
with an average BMI of 26.83 (17-43) kg/m2. The mean aneurysm diameter was 61 mm 
(25–106mm), and the mean neck length was 22.41 mm (5-70mm). The mean procedure 
duration was 103 minutes (27-332 minutes), and the mean fluoroscopy time was 20.6 
minutes (7.6-64.8 minutes). 
The average radiation exposure was 4.8 mGy.m2 (standard deviation of 3.2, median 4.0, 
minimum 0.94, and maximum 15.86). The average fluoroscopy time was 21.8 minutes 
(standard deviation 11.4, median 19.21, minimum 5.9, and maximum 129.8 minutes). 
There was a strong correlation between radiation exposure and the fluoroscopy time 
(Pearson correlation of 1 and 0.8). The mean DAP and fluoroscopy time for aortic-bi-iliac 
stent grafts was 4.7 mGy.m2 and 22.5 minutes, respectively. For the aortic-uni-iliac stent 
grafts, the mean was 4.4 mGy.m2 and the fluoroscopy time was 18.6 minutes. There were 
no direct tissue lesions of any level observed that could be associated with deterministic 
radiation injury. 
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When the patients were subdivided by age groups, the radiation dose was 4.8 mGy.m2, 
4.7 mGy.m2, and 4.8 mGy.m2, and the fluoroscopy time was 20 minutes, 21.9 minutes, 
and 23.7 minutes for the <70 years, 70-80 years, and >80 groups, respectively. 
Concerning patient sex, the radiation dose was 4.8 mGy.m2 for the males and 3.7 mGy.m2 
for the females; the fluoroscopy time for the males was 22 minutes and was 19.1 minutes 
for the females. There was no statistical correlation between patient age and sex with the 
radiation exposure dose and fluoroscopy time (Table 1). 
Table 1 - Age, sex and BMI, and DAP and fluoroscopy time 
 
DAP (mGym2) Fluoroscopy time (minutes) 
 
Mean Standard deviation Mean Standard deviation 
Age     
< 70 years 4,8 4 20 12,9 
70-80 years 4,7 4,2 21,9 9,9 
> 80 years 4,8 2,8 23,7 11 
Sex 
    
Male 4,8 3,3 22 11,6 
Females 3,7 1,7 19,1 8,6 
BMI 
    
BMI < 25 4,4 2,7 23,6 11,4 
BMI 25-30 4,4 3,1 19,1 9,8 
BMI > 30 6,7 3,9 25,8 13,7 
 
Concerning the radiation exposure and the different BMI groups, there was a statistical 
correlation between the highest BMI (>30) and increased exposure to radiation, p=0.005 
(Graphic 1). The DAP for the BMI <25 group was 4.4 mGy.m2, for the BMI 25-30 group 
was 4.4 mGy.m2, and for the BMI >30 group was 6.7 mGy.m2 (Table 1). The fluoroscopy 
time was also influenced by the patient’s BMI, with longer exposure times on the patients 
with a larger BMI (BMI <25, 23.6 minutes; BMI 25-30, 19.1 minutes; BMI >30, 25.8 
minutes) (Table 1). 
Graphic 1 - Radiation dose with different body mass index 
 
Dose radiation and fluoroscopy time were also influenced by the aneurysm diameter. 
Smaller aneurysms (with a diameter less than 60mm) were associated with less radiation 
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doses (3.7 vs. 5.8 mGy.m2, p<0.001) and shorter fluoroscopy times (19 vs. 24.3 minutes, 
p=0.007) compared with larger aneurysms (with a diameter larger than 60mm) (Table 2). 
 
Table 2 - Aneurysm characteristics, and DAP and fluoroscopy time 
 
DAP Fluoroscopy time 
  Mean Sd p Mean Sd p 




Neck angle > 50% 6,6 4,3 28,1 14,3 
 




Neck calcification > 50% 5 2,8 19,2 6 
 




Neck length < 10mm 4,5 2,1 19,7 7,7 
 




Neck diameter > 28mm 8,5 4,6 27,9 8,6 
 




Neck thrombus > 50% 4,4 2,7 20,6 11,4 
 




Left common iliac diameter > 20 mm 6,6 3,9 26,6 11,9 
 




Right common iliac diameter > 20 mm 6,4 3,8 24,8 12,7 
 




Without significant iliac tortuosity 5,6 3,3 24,2 9 
 




Aneurysm diameter < 60 mm 5,8 3,8 24,3 11,9 
 
Aortic aneurysm 4,3 2,8 
p=0,005 
20 10,6 
p>0,05 Aortic and bilateral iliac aneurysm 7,1 4,9 25,1 14,1 
Aortic and unilateral iliac aneurysm 5,3 2,8 23,5 12,2 
 
Without anatomic risk factors 3,8 2,7 
p<0,001 
19,1 10,4 
p=0,009 With 1 anatomic risk factor 4,8 2,7 22,2 10,7 
With 2 or more anatomic risk factors 6,7 4 26,2 13,2 
 
Regarding the anatomical risk factors previously defined, the radiation dose was 
increased in patients with a neck angulation superior to 50 degrees (3.7 vs. 6.6 mGy.m2, 
p<0.001), a neck diameter larger than 28 mm (4.6 vs. 8.5 mGy.m2, p=0.003), and a 
common iliac diameter larger than 20 mm (4.4 vs. 6.6 mGy.m2 on the left side, p=0.03; 4.2 
vs. 6.4 mGy.m2 on the right side, p=0.001). The fluoroscopy time was increased in 
patients with a neck angulation superior to 50 degrees (17.9 vs. 28.1 minutes, p<0.001) 
and in patients with a common iliac diameter bigger than 20 mm (20.7 vs. 26.6 minutes on 
the left side, p=0.018; 20.7 vs. 24.8 on the right side, p=0.004). The neck calcification, 
neck length, neck thrombus, and increased iliac tortuosity were not associated with 
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statistical significant differences of the radiation dose or fluoroscopy time. When 
evaluating patients by the number of anatomical complexity risk factors, the radiation 
exposure was 3.8 mGy.m2, 4.8 mGy.m2, and 6.7 mGy.m2 for no risk factors, one risk 
factor, and two or more risk factors, respectively. There was a statistical correlation 
between the first two groups and the third group (p=0.000), demonstrating patients with 
increased anatomical complexity require more radiation exposure, regardless of which 
anatomical risk was present. The fluoroscopy time was also associated with the number of 
anatomical risk factors present with an average of 19.1 minutes, 22.2 minutes, and 26.2 
minutes for the zero risk factors, 1 risk factor, and 2 or more risk factors groups, 
respectively (p=0.009) (Table 2). 
Concerning the morphology of the aneurysms, the aortic and bilateral iliac aneurysms 
required higher radiation doses compared to the aortic or aortic and unilateral iliac 
aneurysms (7.1 vs. 4.3 vs. 5.3 mGy.m2, respectively, p=0.005). The different types of 
stent grafts utilized (e.g., Talent, Excluder, or Endurant) or the presence of supra-renal or 
infra-renal fixation were not associated with differences on the radiation exposure (Table 2). 
The temporal evolution of radiation exposure and fluoroscopy time was erratic during the 
period of study, with no statistical trend observed. 
In order to evaluate the relation between exposure to radiation and aneurysm 
morphological variables together with body mass index, several multiple regression 
models were studied. In order to obtain normal distribution of the residuals, the dependent 
variable, exposure to radiation, was log transformed. The final model included as 
independent variables, body mass index, neck angulation, neck diameter, aneurism 
diameter and type of aneurysm. Body Mass Index was included as a continuous variables 
and the remaining variables were included as binary variables. Globally, the variation 
explained by the model, assessed by the adjusted R2 was approximately 40%. The two 
most important variables in explaining the exposure to radiation were Body Mass Index 
and neck angulation, as can be seen by table 3, and graphics 2, 3 and 4, the residual seem 
to have a proper behaviour. 
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Graphic 2 - Histogram 
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Endovascular procedures have become a safe option to treat aortic aneurysms with 
growing complexity and application. It is of utmost importance to define the standard dose 
of radiation on endovascular aortic procedures in order to diminish it. There are multiple 
strategies described in the literature to reduce and limit the use of radiation, such as 
reducing fluoroscopy use as much as possible, avoiding digital subtraction angiography 
and magnification, and using proper collimation and radiation control.(15, 16) Image control 
by the surgeon diminishes the cases of high exposure.(17) All of our cases were performed 
using a mobile C-arm device controlled by the surgeon in an operating theater. 
Procedures performed with the mobile C-arm were associated with less radiation 
exposure than procedures on angiographic suites.(18) 
In this study, and in agreement with the published literature, there were no direct tissue 
lesions of any level observed. It should be noted that the mean dose exposure (4.8 
mGy.m2) is above the safe limit and could be associated with transitory skin lesions and 
hair loss. The reported maximum exposure (15.86 mGy.m2) could induce skin atrophy, 
necrosis, and desquamation. During the procedure, the C-arm is moved for different 
angulations and incidences, which could diminish the risk of direct tissue lesions. 
Concerning the patient characteristics and their effect on the radiation used, the patient 
age and sex did not influence radiation exposure. A statistically significant correlation was 
obtained between the radiation exposure dose and the fluoroscopy time with the patient’s 
BMI, in agreement with other case series.(4,9,19,20) In patients with a greater BMI, the x-ray 
beam must penetrate more tissue to reach the detector, thereby forcing, with automatic 
exposure control, a greater exposure to obtain an adequate image. 
Regarding the characteristics of the aneurysms that were treated, it was found that aortic 
and bilateral iliac aneurysms, aneurysms larger in diameter, increased neck angles, larger 
neck diameters, and larger common iliac diameters were associated with more radiation 
exposure. This was probably related to the increased technical difficulty on these cases. 
The neck calcification, neck length, neck thrombus, and iliac tortuosity were not 
associated with statistically significant differences of the radiation dose or fluoroscopy time. 
Nevertheless, the number of anatomic risk factors present was associated with increased 
radiation exposure and fluoroscopy time, regardless of which anatomical risk factors were 
present. The characteristics of the stent grafts used (e.g., model, anatomic type, supra-
renal, or infra-renal fixation) were not related with statistically relevant changes on the 
radiation dose. 
When we compare our mean values of DAP and fluoroscopy time in the ABI group with 
the results described in the literature (Table 4), the results are comparable with the best 
published results. 
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Table 4 - Comparison of DAP and fluoroscopy time between our series and the literature 









Geijer18 (2005) ABI (24) 28.4 1.66 19.50 7.23 Low dose 
Weiss4 (2008) ABI (12) 20.6 5.21 24.54 15.17 NA 
Weerakkody8 (2008) ABI (96) NA 9 65.9 15 NA 
Kalef-Ezra9 (2009) ABI (62) 22.6 0.90 28 4.05 Low dose 
Maurel19 (2012) ABI (188) 11.2 0.43 28 4.05 Low dose pulsed 
Our series (2015) ABI (88) 22.5 1.13 16.2 4.7 Low dose pulsed 
 
Concerning the fluoroscopy and procedure times and their comparison with the published 
literature, the mean values in this study were 21.8 minutes (standard deviation 11.4, 
median 19.21, minimum 5.9, and maximum 129.8 minutes) and 103 minutes (27-332 
minutes), respectively. On the OVER trial(21) the mean fluoroscopy was 23.0 minutes 
(17.0-31.0 minutes), and the procedure time was 174 minutes (138-222 minutes). On the 
DREAM trial(22) the mean fluoroscopy time was 25 minutes (7-43 minutes), and the 
procedure time was 135 minutes. On a randomized trial by Becquemin(23) the mean 
fluoroscopy time was 16.3 minutes (2.8-29.8 minutes), and the procedure time was 125 
minutes (71-179 minutes). 
 
Conclusions 
The radiation exposure during EVAR procedures is significant (mean DAP 4.8 mGy.m2) 
with potential hazards to the surgical team and the patients. The anatomical 
characteristics of the aneurysm (an aneurysm with aortic and bilateral iliac morphology, an 
aneurysm with a diameter larger than 60mm, a neck diameter larger than 28mm, common 
iliac arteries with a diameter larger than 20mm, and a neck angulation superior to 50 
degrees), the patient characteristics (higher BMI), and the technical difficulty of the 
procedure (more than 2 anatomic risk factors) were all related to increased radiation 
exposure during the EVAR procedure. A multiple regression model was developed to 
predict the relation of radiation exposure with the aneurysm morphological variables and 
body mass index and show that approximately 40% of radiation exposure was related to 
Body Mass Index, neck angulation, neck diameter, aneurysm diameter and aneurysm 
type, with the first two being the most important factors. The exposure to radiation and the 
risks it entails should always be part of the proposal of endovascular treatment, 
particularly in a young patient. The factors listed above, along with the strategies outlined 
to minimize radiation exposure, must always be present in the planning of using the EVAR 
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Tables 
Table 1 - Age, sex and BMI, and DAP and fluoroscopy time 
Table 2 - Aneurysm characteristics, and DAP and fluoroscopy time 
Table 3 - Coefficients 




Graphic 1 - Radiation dose with different body mass index 
Graphic 2 - Histogram 
Graphic 3 - Normal P-P Plot of Regression Standardized Residual 
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4.4. EVAR e o tipo de anestesia 
 
Influence of ASA classification and anesthesia type on endovascular repair of infra-
renal aortic aneurysm 
 
R. Machado1, V. Ferreira1, P. Oliveira2, L. Loureiro1, R. de Almeida1 
1 - Angiology and Vascular Surgery Department, Oporto Hospital Center 
2 - Population Studies Department - Instituto de Ciências Biomédicas Abel Salazar, University of Porto 
 
ABSTRACT 
Introduction: The type of anesthesia applied in endovascular aortic repair (EVAR) is still debatable as 
local, regional and general anesthesia are frequently used. The physiological condition of the patient as 
determined by the American Society of Anesthesiologists classification (ASA), might influence the 
choice of anesthetic technique and also correlate with the surgical and anesthetic outcomes and 
possible complications. The objective of this study was to compare the outcomes of EVAR with the 
three different anesthetic types (regional – RA, local – LA, and general – GA), the effect of the ASA 
classification, and the factors that influence it. 
Material and Methods: This study is a retrospective analysis of a prospective database of 171 patients 
submitted to EVAR from 2001 to 2013. It analyzed the anesthetic technique applied in each case and 
its relationship with ASA classification, patient demographics, aneurysm and procedure characteristics 
and costs. 
Results: RA was the anesthetic technique most frequently applied (60.9% of cases) followed by GA 
(35.4%) and LA (3.7%). GA was more often applied in patients in a worse physiological state (68.4% of 
ASA IV patients) and in patients under chronic anticoagulant medication. Local anesthesia was more 
often applied in patients with coronary artery disease or heart failure. Patients treated under RA 
required shorter anesthetic time and a shorter hospital stay, and were less often submitted to 
transfusion of red blood cells. ASA IV patients had significantly worse survival compared to ASA II and 
III. ASA IV was also associated with significantly larger aneurysms, increased need for red blood cell 
transfusions, longer anesthetic time, a longer hospital stay, and increased costs. 
Conclusion: Regional anesthesia is the technique most frequently applied in EVAR. Regional 
anesthesia is not only feasible but it also permits significant improvements which include shorter 
hospital stay, lower operating room occupancy, and decreased need for red blood cell concentrate 
transfusion. ASA classification predicts long term mortality, with reduced survival of ASA IV patients.  
 
Introduction 
Endovascular abdominal aortic aneurysm repair (EVAR) has become the most frequent 
technique applied in aortic aneurysm treatment. Prospective randomized comparative 
studies(1-4) and a systematic review(5) demonstrated lower peri-operative mortality and 
morbidity after EVAR compared with conventional open repair. EVAR permits a broader 
choice of anesthetic method, compared with conventional treatment which requires 
general anesthesia. The type of anesthesia applied in EVAR procedures is still debatable 
with growing utilization of local and regional techniques. With more frequent employment 
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of percutaneous access, local anesthesia will probably be more commonly use. Local 
anesthesia in EVAR is feasible, well tolerated and associated with fewer complications 
and shorter intermediate care and total hospital stay.(6) However, it does have potential 
complications related to patient anxiety or discomfort for longer procedures, as well as the 
rare need for open conversion. Regional anestesia permits both patient and surgeon 
comfort, without significant cardiovascular or pulmonar effects. 
The patient’s physiological state is also related to the surgical and anesthetic outcome 
and its possible complications, and might influence the choice of anesthetic technique. 
The American Society of Anesthesiologists classification (ASA) was developed in 1940(7) 
to standardize the physical status of patients in order to study and compare different 
populations. The ASA classification does not reflect the surgical risk of a procedure, but 
rather allows the evaluation and assessment of the physical status of different populations.  
The objective of this study was to compare the outcomes of EVAR with three different 
anesthesia types (regional – RA, local – LA, and general – GA), as well as the effect of 
the ASA classification and factors that influence it. 
 
Material and methods 
This study is a retrospective analysis of our prospective database of endovascular infra-
renal aortic aneurysm repair, which includes cases from January 2001 to January 2013. In 
our EVAR protocol the patients were observed by the anesthesiology team 96 hours 
before the procedure; their complete medical history, physical examination, and pre-
operative tests (complete blood count, serum electrolytes and creatinine, 
electrocardiogram, echocardiogram, chest radiograph and standard coagulation test) were 
also reviewed. If patients needed additional tests, depending on the clinical situation, they 
are order individually by the anesthesiologist. In the operating room all patients received a 
prophylactic antibiotic (cephazolin 2 grams), an arterial line, a peripheral venous access 
catheter (or in certain cases, central venous catheter), and a Foley catheter. Continuous 
electrocardiogram, invasive arterial pressure measurement, urine output and 
transcutaneous oxygen saturation were recorded. The choice of the anesthetic technique 
was decided by the anesthesiology team, based on the clinical status of the patient, the 
patient’s preference, and comorbidities. We worked with a permanent team of dedicated 
anesthesiology members, which permitted more thoughtful and standardized decisions on 
the anesthetic technique applied in each case, done in accordance with the European 
Society of Vascular Surgery recommendations.(8) 
We analyzed the relationship of the anesthesiology technique (GA, RA and LA) choice 
and the ASA classification with the patients characteristics (age, sex, and body mass 
index), atherosclerosis risk factors (hypertension, smoking, dyslipidemia, and diabetes 
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mellitus), vascular co-morbidities (cerebrovascular disease, peripheral arterial occlusive 
disease, and chronic renal disease – hemodialysis or renal transplant), aneurysm size and 
anatomical risk factors that could increase the technical difficulty of the procedure (neck 
length inferior to 10mm, neck angle of more than 50 degrees, neck diameter of more than 
28mm, neck calcification of more than 50% of the circumference, neck thrombus of more 
than 50% of the circumference, common iliac diameter more than 20mm and excessive 
iliac tortuosity). Length of hospital stay, and anesthetic time (defined as the period from 
when the anesthesiologist received the patient in the operating room to when the patient 
was discharged to the immediate recovery room) were also recorded. Local anesthesia 
was defined as infiltration of local anesthetics (usually lidocaine 2%) in the groin for 
femoral access. Variable use of light sedation or systemic analgesics by the anesthetic 
team was possible. Regional anesthesia included spinal anesthesia, while general 
anesthesia included standard induction and maintenance agents. 
The ASA classification includes six categories: I – a normal healthy patient, II – a patient 
with mild systemic disease, III – a patient with severe systemic disease, IV – a patient with 
severe systemic disease that is a constant threat to life, V – a moribund patient who is not 
expected to survive without the operation, VI – a declared brain-dead patient whose 
organs are being removed for donor purposes. 
Statistical analysis included t-test for two independent samples, analysis of variance in the 
case of several groups and chi-square for the comparison of proportions concerning 
categorical variables. Non parametric tests were also used when normality or 
homogeneity of variances was not observed. All the analysis was performed using IBM 
SPSS Statistics, Version 22. Statistical significance was assumed for p<0.05. 
 
Results 
During the study period, 171 patients were submitted to EVAR. 94.2% were male and 
5.8% were female, with an average age of 74,1years old (median 75, standard deviation 
8,9, minimum 38 and maximum of 93). The mean follow-up period was 3.2 years. 
Regarding the anesthetic technique, 60.9% were treated with RA, 35.4% with GA and 
3.7% with LA.  
Age, sex and body mass index had no statistically significant influence on the anesthetic 
type choice (Table 1).There was also no statistical association between the anesthetic 
technique and atherosclerosis risk factors (hypertension, smoking, dyslipidemia, and 
diabetes mellitus). Concerning vascular co-morbidities, the presence of cerebro-vascular 
disease and peripheral arterial occlusive disease had no influence on the anesthetic type 
choice either (Table 1). Patients with coronary artery disease (CAD) and heart failure were 
treated significantly more often with local anesthesia (LA 83.3%, GA 63.2% and RA 
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45.8%) (Table 1). Dysrhythmia and valvular heart disease, chronic obstructive pulmonary 
disease, chronic kidney disease, hemodialysis and previous renal transplantation had no 
statistically significant influence on the anesthetic type (Table 1). 
 
Table 1 -Distribution of patient and procedure characteristics with different anesthetic types 
 
Total LA RA GA SS 
Total 171 3.70% 60.9 35.4 
 
Age 73.5 78.7  (75-83) 74.3 (38-93) 73 (51-89) N 
BMI < 25 41.3% 3.3% 65.0% 31.7% N 
BMI 25-30 38% 3.6% 69.1% 27.3% N 
BMI >30 20.7% 0.0% 56.7% 43.3% N 
CAD prevalence - 83.3% 54.2% 63.2% <0.05 
Heart valvular disease prevalence - 100.0% 29.0% 23.3% N 
Heart failure prevalence - 100.0% 42.9% 45.5% <0.05 
Dysrythmia prevalence - 100.0% 25.6% 47.2% N 
COPD prevalence - 33.3% 66.7% 24.1% N 
Chronic kidney disease - 50.0% 18.9% 23.2% N 
Hemodialysis - 0.0% 2.1% 1.8% N 
Renal transplant - 0.0% 1.1% 3.6% N 
Chronic anticoagulants 14.8% 16.7% 8.2% 73.7% <0.05 
Red blood cell transfusion - 0.0% 17.3% 34.5% 0.0024 
Total hospital stay - 2.2 5.3 8.9 <0.05 
Anesthetic time 174.1 152.4 160.69 199.8 <0.05 
ASA I 0.0% - 
 
ASA II 15.4% 0.0% 76.0% 24.0% <0.05 
ASA III 71.0% 3.6% 64.0% 32.4% <0.05 
ASA IV 13.0% 0.0% 31.6% 68.4% <0.05 
ASA V 0.6% - 
 
BMI - body mass index; LA - local anesthesia; RA - regional anesthesia; GA - general anesthesia; CAD - coronary artery 
disease; COPD - Chronic obstructive pulmonary disease; ASA - American Society of Anesthesiology classification 
 
Patients treated with GA were more often on chronic anticoagulants (73.7%) versus 
patients treated with LA (16.7%) and RA (8.2%). The anesthetic technique also correlated 
with statistical significance with blood transfusion requirements. Patient treated with GA 
needed transfusion of red cell concentrates in 34.5% of cases, while only 17.3% of RA 
and none of the LA group needed it. The anesthetic technique was also correlated with 
the total hospital stay, with a longer hospital stay in patients treated under GA (average 
8.9 days) versus RA (5.6 days) and LA (2.2 days). The average anesthetic time was 173.1 
minutes (standard deviation 64, minimum 71, maximum 504). Anesthetic technique was 
associated with statistical significance with the anesthetic time, with shorter average time 
for LA (152.4 minutes) compared to RA (160.7 minutes) and GA (199.8 minutes). The 
average survival in GA patients was 7.9 years and for RA was 5.7 years, without statistical 
significance. 
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In this study population, the ASA classification distribution was as follows: ASA I: 0%; ASA 
II 15.4%, ASA III 71%, ASA IV 13%, ASA V 0.6%, and ASA VI 0% (Table 2). Concerning 
the anesthesiology technique choice and its relation to ASA classification, 0% of ASA II 
patients were treated with LA, while 24% were treated using GA and 76% using RA. In the 
ASA III group, 3.6% were treated with LA, 32.4% with GA, and 64% with RA. In the ASA 
IV group, 0% was treated with LA, 31.6% were treated with RA and 68.4% were treated 
with GA. There was a statistically significant preference for RA for ASA II patients. In the 
ASA III group, we observed a growing utilization of GA and less use of RA; in ASA IV 
patients, there was a preference for GA with fewer RA cases. 
The ASA classification did not have any statistical relationship with patients’ age, sex BMI, 
atherosclerosis risk factors, or aneurysm anatomy risk factors. While there was not a 
statistically significant relationship between ASA classification and aneurysm anatomical 
risk factors, there was a trend towards more than two risk factors present in ASA III and IV 
patients (p=0.062). Small diameter aneurysms (<60mm) were more frequent in ASA II 
patients (72% vs. 28%) while larger aneurysms (>60mm) were more frequent (72.7% vs. 
27.3%) in ASA III and IV patients, (p=0.008). Red blood cells transfusions were more 
frequently used in ASA IV patients (66.7%) compared to ASA III (19.3%) and ASA II  
patients (8%), (p<0.0001). ASA IV patients required longer anesthetic time compared to 
ASA II and III patients (203.0 vs. 174.7 vs. 149.9 minutes respectively, p=0.016). The 
average survival was significantly influenced by the ASA classification: in ASA IV patients 
it was 4.6 years, in ASA III 9.4 years; in ASA II  5.2 years (p=0,007) (Table 2). 
 
Table 2 - Distribution of patient and procedure characteristics by ASA classification and comparison with ACE and DREAM 
trials 
 
ASA I ASA II ASA III ASA IV ASA V SS 
Total 0.0% 15.4% 71.0% 13.0% 0.6% - 
       
ACE 10.7% 66.0% 22.0% 1.3% 0.0% - 
DREAM 21.6% 69.6% 8.2% 0.0% 0.0% - 
       
Age < 70 - 22.6% 64.2% 13.2% - N 
Age 70-79 - 16.1% 69.4% 14.5% - N 
Age >80 - 6.4% 80.9% 10.6% 0.6% N 
       
BMI < 25 - 13.1% 72.1% 14.8% - N 
BMI 25-30 - 20.8% 67.9% 11.3% - N 
BMI >30 - 13.3% 83.3% 3.3% - N 
       
Aneurysm size <60mm - 72.0% 45.8% 27.3% - 0.008 
Aneurysm size >60mm - 28.0% 54.2% 72.7% - 0.008 
       
Red blood cell transfusion - 8.0% 19.3% 66.7% - <0.001 
Length of hospital stay - 4.29 5.23 12.65 - <0.05 
Anesthesiology time - 149.2 174.7 203.00 - 0.016 
Average survival - 5.2 9.4 4.6 - 0.007 
SS - statistical significance Y- yes N- no  
BMI - body mass index; ASA - American Society of Anesthesiology classification 
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Asa classification had a statistical significant influence on the procedure costs. The mean 
procedure cost was 11.356,50€ for ASA II group, 10.776,70€ for ASA III group, and 
14.725,20€ for ASA IV group (table 3). 
 
Table 1 - Cost and ASA classification 






ASA II  11.356,5€ 9.990€ 6.185,3€ 9.270€ 40.240,7€ 9.694,2€ 10.431,8€ 
Y ASA III  10.776,7€ 10.371,3€ 1.849€ 9.081,5€ 22.643,2€ 10.012€ 10.870,8€ 
ASA IV  14.725,2€ 11.926,2€ 8.858,4€ 9.644,3€ 50.779,3€ 10.631€ 15.539,3€ 
SS - statistical significance Y- yes N- no 
 
Discussion  
In our experience, RA is the anesthetic technique most frequently applied in EVAR (in 
60.9% of cases), followed by GA (35.4%) and less commonly LA (3.7%). The 
physiological status of the patient, reflected by the ASA classification, contributed to the 
anesthesiology team’s decision for which type of anesthetic technique to use. Healthier 
patients (ASA II) were more frequently treated with RA while ASA IV patients were more 
frequently treated with GA. Regional and local anesthesia confer the potential benefits of 
better hemodynamic stability, minor effect of pulmonary function, decreased need for 
intravenous fluids and cardiovascular drugs. The main disadvantages include patient 
discomfort for long procedures, and the rare need for conversion. On the other hand, 
general anesthesia permits secure airway control and ventilation, reduced patient 
movement, better tolerance and easier hemodynamic manipulation using cardiovascular 
drugs in high risk patients. 
Taking into account the patients’ co-morbidities, CAD or heart failure patients were more 
frequently treated with LA and RA, as these generally offer less peri-operative 
cardiovascular risk.  Chronic renal disease, cerebrovascular disease and other co-
morbidities and atherosclerosis risk factors did not have a statistical influence on the 
technique chosen.  
Chronic anticoagulants seemed to be a deciding preoperative factor, as most patients on 
these ambulatory medications were treated under GA. This is likely part of the reason for 
the increased need for red blood cells transfusion in GA patients. As GA is the most 
frequent anesthetic choice for ASA IV patients, it is consistent with the finding that these 
patients require more red blood cell transfusions compared to the ASA III and ASA II 
groups. 
Patients treated under GA required a longer total hospital stay. These patients also 
required longer anesthetic time which meant longer occupation of the operating room. It 
seems that LA or RA might confer potential benefits by reducing total hospital stay and 
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OR occupation. ASA classification also contributed to ward and operating room 
occupancy rates. ASA IV patients were associated with longer anesthetic time and longer 
hospital stay. Asa IV patients were also associated to increased procedure costs 
compared to ASA II and ASA III groups. 
The choice of the anesthetic technique did not have a statistical significantly relationship 
with long term survival. On the contrary, ASA classification actually predicted patient long 
term mortality, with ASA IV patients showing worse survival rates on follow up, consistent 
with the worse physiological state of these patients (Graphic 1). 
 
Graphic 1 - Survival functions and ASA classification 
 
In ASA II patients the survival was 5,2 years with a standard deviation of 0,4 (CI 95 - 4,4-6), in ASA III patients it was 9,4 
years with a standard deviation of 0,5 (CI 95 - 8,4-10,5), and in ASA IV patients or more it was 4,6 years with a standard 
deviation of 0,8 (CI 95 - 3,2-6,1). It was observed a statistical significance. 
 
Reviewing the literature published on the subject, Bettex et al(9) 
(2001) compared the outcomes with LA, RA and GA. The authors found that LA was 
associated with increased simplicity, stable hemodynamics, and reduced consumption of 
ICU and hospital beds. Virgilio et al(10) found no difference in overall cardiac and 
pulmonary morbidity and mortality rates comparing GA with LA. In the DREAM trial 
(2004)(2), general anesthesia was used in 52% of patients, regional in 39.8%, local in 5.3% 
and general plus regional in 2.9%. In the EUROSTAR review by Ruppert et al(11), they 
found lower total hospital stay, intermediate care unit stay, and operative time with LA 
versus RA, LA versus GA, and RA versus GA. There were no differences found in 
mortality rates. In a follow-up article, Ruppert et al(12) stated that in high risk patients, LA 
and RA were associated with less mortality and morbidity as well as fewer systemic 
complications. Comparing our data with the EVAR prospective randomized trials DREAM 
and ACE, our patients were predominantly ASA III while in these studies patients were 
predominantly ASA I and II.  
A meta-analysis published in 2012(13) that included 13,459 patients studied the outcome of 
EVAR with different anesthesia types (regional, local and general). The authors found no 
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significant differences in 30 day mortality. Concerning the secondary outcomes, LA was 
applied in significantly older patients than GA or RA, cardiac disease was significantly 
more common in LA patients than in GA patients and respiratory disease was more 
prevalent in LA patients than it was in GA patients. Renal disease was more common 
under RA than GA. Concerning ASA classification, ASA III and IV were more commonly 
treated under LA than in GA with no differences in RA versus GA. Body mass index, 
hypertension, diabetes, smoking and hyperlipidemia had no significant differences among 
the different anesthetic groups.  Regarding the peri-operative outcomes, there were no 
significant differences in completion endoleak and operating time was shorter under LA 
and RA than GA. Concerning postoperative outcomes, length of hospital stay, morbidity 
and access complications were significantly shorter with LA and RA compared with GA. 
 
Conclusion 
In conclusion, the ASA classification predicts the long term mortality of EVAR patients. 
ASA IV patients had significantly worse survival compared to ASA II and III. ASA IV was 
also associated with significantly larger aneurysms, increased need for red blood cell 
transfusions, longer anesthetic time, longer hospital stay, and increased procedure costs. 
Regarding the anesthetic technique, RA was the most frequent technique applied in our 
EVAR experience (60.9% of cases). GA was more often applied in worse physiological 
state patients (68.4% in ASA IV patients) and in patients under chronic anticoagulant 
medication, while local anesthesia was more often applied in patients with CAD or heart 
failure. RA patients required a shorter anesthetic time period, shorter total hospital stay, 
and decreased need for red cell concentrate transfusion. Consequently, RA decreases the 
occupation rate of the operation room and ward with benefits on health care costs.  
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4.5. EVAR e a qualidade de vida 
 
Abdominal Aortic Aneurysms: Endovascular treatment and Quality of Life 
 
I. Furtado2, R. Machado1, R. Almeida1 
1 - Angiology and Vascular Surgery Department, Oporto Hospital Center 
2 - Medical Department - Oporto Hospital Center 
 
ABSTRACT 
Introduction: Abdominal Aortic Aneurysms are now increasingly approached with an endovascular 
technique. Moreover, the success of a surgical procedure should not only be measured by its mortality 
and complication rates but also through Quality of Life. It is the aim of this study to evaluate Quality of 
life in patients who underwent endovascular treatment for abdominal aortic aneurysms. 
Method: 100 consecutive patients from the Centro Hospitalar do Porto, who underwent endovascular 
treatment of an abdominal aortic aneurysm between January 2008 and February 2012, were submitted 
to the SF-36v2 questionnaire via phone call. In total, 8 variables were evaluated through 11 questions, 
which encompass the physical and mental state of the patient in comparison to the pre-surgical state. 
Results |There was a 100% response to the questionnaire. In the analysis of the sample for a norm of 
50%, the physical health component scored 47.84% and the mental health component 53.77%. 
Conclusion: The study of quality of life, from the patient’s perspective, is clearly very significant in 
measuring outcome, which is reinforced by the present study. In our experience, quality of life after 
endovascular treatment of an abdominal aortic aneurysm, in comparison to the pre-surgical state, is in 
line with the mean value for the norm population, reflecting the excellence of this technique.  
 
Introduction 
Abdominal aortic aneurysms (AAA) are very prevalent, especially in the elderly population, 
and an AAA rupture still accounts for one of the leading causes of death in the world. 
Increasingly, a higher number of patients with abdominal aortic aneurysms undergo 
endovascular rather than open surgical techniques, due to an increasing number of high-
risk patients with multiple comorbidities.(1) Although there is already a number of studies 
focusing on the comparison between the two techniques,(2-3) there is still a lack of pre and 
post-operative quality-of-life comparisons with the endovascular technique, which was the 
aim of our study. 
 
Method 
Consecutive patients, who underwent endovascular treatment of an AAA between 
January 2008 and February 2012 were included. The questionnaire - SF-36v23, (quality 
metrics license nº QM010289) − was applied before and 1 month after the procedure, 
through phone-interview. This study was approved by the ethics committee of the Centro 
Hospitalar do Porto (CHP). The SF-36 questionnaire encloses 36 questions organized into 
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8 scales: 1) physical functioning (PF) scale that reflects an extent to which patients’ 
physical condition affects their ability to perform physical activity (e.g., personal hygiene or 
walking); 2) role physical (RF) scale represents the impact of physical condition on 
patient’s ability to perform daily activities and work; 3) bodily pain (BP) reflects the impact 
of pain on patient’s ability to perform daily activities, including work and daily chores; 4) 
general health (GH) reflects how patients describes their health and what is their attitude 
to the perspectives of treatment; 5) vitality (VT) scale evaluates patient’s sensations, like 
weakness, liveliness, etc.; 6) social functioning (SF) reflects the extent to which patients’ 
physical activity and emotional status limit their ability to communicate; 7) role emotional 
(RE) scale refers to role limitations due to patient’s emotional difficulties, e.g., capacity for 
work and other daily activities (including working time and workload reduction, etc.); and 
8) mental health (MH) scale reflects patient’s mood, depression, anxiety, feeling of 
satisfaction, etc. These scales comprise 2 main health-related quality-of-life components: 
physical component summary (PCS) and mental component summary (MCS). The PSC 
includes the PF, RF, BP, and GH components, and the MCS includes the VT, SF, RE, 
and MH components. The score of each component ranges from 0 to 100, with a higher 
score indicating better health status. The statistical analysis of data was processed by the 
quality metrics software (Scoring Software v4.5). A mean of 50, standard deviation of 10 
and confidence interval of 95% was used; the p-value was calculated using the t-test. 
 
Results 
A total of 100 patients were included, 95 men and 5 women with a mean age at time of 
surgical intervention of 69 years of age. There were no cases of operative mortality, and 
the aneurysm-related mortality was 0%. There was no significant difference in terms of co-
morbidities or cardiovascular risk factors. 
In the preoperative period, there were no significant differences in the PCS and MCS 
scores. After the procedure, significant differences in the PCS and MCS scores were 
levelled (p<0.001) at one month. Comparison of the scores of different SF-36 scales in the 
preoperative period showed that there were no significant differences in any scale scores 
between the pre and post-operative state (P>0.001). In the one-month follow-up, the 
differences in the scores of PF, and VT, SF scales remained higher in the pos-operative 




The evaluation of surgical success through isolated rates of morbidity and mortality 
doesn’t take into consideration the patient’s perspective and becomes insufficient.(5-6) The 
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quality of life essentially encompasses the relative importance of all complications related 
to the intervention and the results perceived by the patient, justifying it’s growing 
importance in various areas of medicine, including vascular surgery.(7-8) The tools for 
evaluating quality of life, such as the SF-36v2 may help surgeons in the analysis of the 
patients’ perception concerning their health and well-being.(9) The generic design of the 
questionnaire results in its vast applicability and the methodology has been utilized 
successfully in other studies.(9) Furthermore, the statistical adjustment for age and sex 
permits the extrapolation of data to European standard control populations.(11) Thus, SF-
36v2 provides a reasonable notion of the variability in terms of quality of life, which can be 
expected for the respective demographic segment. High morbidity, mortality and health-
care costs are associated with AAA, and EVAR is used worldwide aiming to prevent long-
term ruptures and improve quality of life. Some studies evaluated the quality of life after 
elective or emergent treatment of an AAA(12) and others compared the quality of life 
between endovascular treatment and open repair in randomized studies.(11) 
However, quality of life after endovascular treatment of an AAA remains a relatively 
unexplored area to this day. The present study confirms that pre-operative quality of life is 
restored in patients with an AAA submitted to EVAR, furthermore underlining the 
importance of the technique. One-month follow-up reinforces the notion that these 
patients maintain their status in physical and emotional health with statistical significance. 
Moreover, it would be important to prolong this study in time and include more patients to 
strengthen these results. 
 
Conclusion 
The assessment of quality of life is a very important variable when evaluating the surgical 
success of a technique. In our experience, the quality of life after endovascular treatment 
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4.6. Impacto institucional da introdução do EVAR no 
tratamento do AAA 
 
Institutional Impact of EVAR's incorporation in the treatment of infra-renal 
Abdominal Aortic Aneurysms: a twelve-year experience analysis  
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ABSTRACT 
Introduction: Endovascular Aneurysm Repair (EVAR) was introduced as a less aggressive method of 
treatment of Abdominal Aortic Aneurysms (AAA) for patients considered ineligible for Open Repair 
(OR). 
Objective: Analyse the global impact of EVAR's incorporation in the treatment of infra-renal AAA in our 
institution. 
Material/Methods: We made a retrospective study of the patients with the diagnostic of infra -renal AAA 
treated at our institution between   December 2001 and December 2013. The choice between EVAR 
and OR was based on surgeon's experience considering patient clinical risk and aneurysm's 
anatomical features. We analysed the group of patients treated by EVAR and by OR and, for each 
group, patient's and aneurysm's characteristics, surgical and anesthesia average  times, need for 
transfusion, intra-operative complications, mean hospital stay, mortality and re -intervention rates. 
Results: The mean age, all forms of heart disease and chronic renal failure were more common in the 
EVAR group. Blood transfusion, surgical and anesthesia times and mean hospital stay were higher for 
OR. Intra-operative complications rate was higher for EVAR, overall during hospitalization complication 
rate was higher for OR. Re- interventions rates at 30 days and late were 4.1% and 11.7% for EVAR 
versus 13.7% and 10.6% for OR. 
Discussion/Conclusions: Two different groups were treated by two different techniques. The 
individualized treatment's choice allow achieve a mortality of 2.7% with good results for both 
techniques. We believe that EVAR's incorporation improved the results of OR itself. Patients with more 
comorbidities were treated by EVAR, decreasing those excluded from treatment. Late re-interventions 
were similar for both techniques which contradicts some published studies. 




Abdominal Aortic Aneurysms (AAA) are a relatively common disease. Its prevalence 
increases with age. The main risk factors are age older than 65 years, male sex and 
smoking history.(1) As the aneurysm size increases, so does the risk of rupture.(2) Although 
some patients may present vague symptoms such as abdominal or back pain the majority 
of aneurysms remain asymptomatic until rupture(3) which has a mortality rate about 85%.(4) 
The goal of treatment is to exclude the aneurysm before rupture occurs.(5) 
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Treatment by Open Repair (OR) is practiced since 1951. In the 90s, Endovascular 
Aneurysm Repair (EVAR) was introduced as a less invasive method(6) originally 
developed for patients considered ineligible for OR.(7) Its introduction aimed to improve the 
care provided to the patient offering a therapeutic possibility with less surgical aggression 
initially without thinking that could compete with OR. Older patients with major 
comorbidities previously excluded from treatment have become candidates for EVAR 
allowing a reduction in the number of patients without conditions for treatment over the 
years. But the selection of the treatment method to each patient is not always clear and is 
based on the results of randomized studies, national/international series and individual 
choice based on surgeon’s opinion considering patient clinical risk and aneurysm features. 
There is strong evidence of OR’s durability but there are few long-term results for EVAR. 
So, there is still an uncertainty concerning EVAR’s durability and its overall long term 
efficacy when compared to OR.(8) This lack of knowledge about the future behaviour 
implies a greater need for clinical and imaging surveillance which could represent higher 
costs. 
Several studies compared EVAR to OR particularly regarding the peri-operative and long 
term mortality, re-intervention rates and cost-effectiveness, sometimes with diverging 
results. 
The Clinical Practice Guidelines of the European Society of Vascular Surgery suggest that 
vascular surgical referral centres must have an operative mortality for elective OR less 
than 5% and for EVAR less than 2%.(9) 
 
Aims 
Having regard to selection of the best treatment to be used for each patient and knowing 
that these treatment methods are complementary and not competitive we intend to 
analyse the impact of EVAR’s incorporation in the treatment of infra-renal AAA in our 
institution. 
 
Materials and methods 
We made a retrospective study of the patients with the diagnostic of infra-renal AAA 
treated at our institution between December 2001 and December 2013. We included 
patients with the diagnosis of infra-renal AAA with diameter equal or superior to 5cm and 
patients with aortic aneurysm with associated iliac aneurysms with diameter equal or 
superior to 3cm. Saccular and false aneurysms were included in our study. 
The choice between EVAR and OR was individualized for each patient, based on 
surgeons’ opinion considering patient clinical risk and aneurysm’s anatomical features. 
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During this period a total of 292 patients were treated in our institution with the diagnostic 
of infra-renal AAA 171 (58.6%) by EVAR and 121 (41.4%) by OR. 
We analysed the group of patients treated by EVAR and by OR and, for each group, we 
studied patient’s and aneurysm’s characteristics, surgical and anesthesia average times, 
need for blood transfusion, intra-operative complications, mean hospital stay, re-
intervation rates (at 30 days and after), mortality rate (at 30 days)  and survival curves. 
We studied costs associated to EVAR and to OR, and the relation between cost and age, 
and costs and ASA classification. The mean follow up time was 32.4 months. The follow 
up was made with Computerized Tomography (CT) at 3th and 9th month after treatment 
and then yearly or every time it seems clinically relevant. 
The statistical method used evaluates the normal distribution of the continuous variables 
using the Kolmogorov-Smirnov test. The comparison between two groups of patients was 
based on Student’s t test for variables that approximately followed a normal distribution 
and the Mann-Whitney-Wilcoxon test in the event that the assumptions of normality or 
equality of variances were not observed. Comparison of more than two groups was based 
on analysis of variance and the Kruskal-Wallis test when the assumptions of normality and 
homogeneity of variances were absent. 
 
Results 
The mean age was 74.1 (±8.9) years in the EVAR group and 69.6 (±8.7) years in the OR 
group, this variable proved to have statistical relevance (p<0.001). It was also studied the 
treatment performed according to the age group (Graphic 1). In this sense, the patients 
were divided into three groups: with age up to 70 years, between 70 and 80 years and 
above 80 years. For each group, respectively, the treatment was EVAR in 31.6%, 38.6%, 
29.8% and OR in 47.1%, 43%, 9.9%. A statistically significant relationship was observed 
(p<0.001) with the younger group most often treated by OR and the older one most often 
by EVAR. 
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In relation to sex, 94.2% of patients in the EVAR group were male and 5.8% were female. 
In OR group 95% were male and 5% were female. There was no relationship with 
statistical significance (p=0.478) between variables. 
Regarding the presence of aortic atherosclerotic disease risk factors we studied 
hypertension, diabetes mellitus, dyslipidemia, cerebrovascular disease, peripheral arterial 
disease and active/not active smoking. No statistically significant relationship was 
observed for high blood pressure (84.2% in the EVAR group vs. 87% in the OR group, 
p=0.610), not active smoking (58.8% in EVAR vs. 57% in OR; p=0.807), dyslipidemia 
(67.6% in EVAR vs. 61.4% in OR, p=0.134), diabetes mellitus (18.2% in EVAR vs. 11.4% 
in OR, p=0.134) and peripheral arterial disease (18.2% in EVAR vs. 19.3% in OR, 
p=0.877). A statistically significant relationship was observed for active smoking (16.5% in 
EVAR vs. 31.5% in OR, p=0.004) and for cerebrovascular disease (19.4% in EVAR vs. 
10.5% in OR, p=0.048). 
Associated diseases (heart, lung or kidney diseases) were studied for each group. 
Regarding the presence of cardiac disease all forms studied were higher in the EVAR 
group with a statistically significant relationship with ischemic cardiac disease present in 
53% of the patients in the EVAR group vs. 40.4% of those in OR group (p=0.039), valvular 
disease present in 27% of those submitted to EVAR vs. 4.4% of those in OR group 
(p<0.001), dysrithmia present in 37.2% in EVAR vs. 12.4% in OR (p<0.001) and cardiac 
insufficiency present in 45.1% of the patients in the EVAR group vs. 20.2% in the OR 
group (p<0.001). Regarding pulmonary disease, Chronic Obstructive Pulmonary Disease 
(COPD) was present in 24.1% of patients in the EVAR group and in 26.8% in the OR 
group, no statistically significant relationship was observed (p=0.672) and respiratory 
failure was present in 5.6% of the patients in the EVAR group vs. 0.9% in the OR group, 
an almost statistically significant relationship was observed (p=0.051). Regarding renal 
disease, a statistically significant relationship was observed for the presence of chronic 
renal insufficiency (21.3% of patients treated by EVAR vs. 8.8% in OR, p=0.007) but 
wasn’t observed for chronic renal insufficiency in hemodialysis replacement therapy (1.8% 
of the patients in the EVAR vs. 0% in the OR, p=0.274) or chronic renal insufficiency in 
kidney transplantation replacement therapy (2.5% of those in the EVAR group vs. 0.9% in 
OR, p=0.651). 
As regards the American Society of Anesthesiologists (ASA) Physical Status 
Classification our patients were in one of three categories: ASA 2 (mild systemic disease), 
ASA 3 (severe systemic disease) or ASA 4 (systemic disease threatening life). The 
frequency was, respectively, 15.6%, 71.3% and 13.1% in the EVAR group and 30.3%, 
62.4% and 7.3% in the OR group. A statistically significant relationship was observed 
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(p=0.001) with patients classified as Class 2 more commonly treated by OR and Class 4 
by EVAR. 
Aneurysm characteristics were also studied. Regarding the anatomical type divided into 
aortic, bilateral aorto-iliac, right aorto-iliac and left aorto- iliac this was respectively 65.5%, 
11.7%, 15.2% e 7.6% in the EVAR group and 80.2%, 9.0%, 8.1% e 2.7% in the OR group. 
A statistically significant relationship was observed (p=0.045) with aortic aneurysms 
treated most commonly by OR and aorto-iliac aneurysms (right and left) by EVAR. 
Regarding the aneurysm etiology, divided into degenerative, inflammatory and other 
etiology, it was respectively 93.5%, 5.3% and 4.1% in the EVAR group and 97.3%, 2.7% 
and 0% in the OR group, no statistically significant relationship was observed (p=0,092). 
The aneurysm etiology was also studied dividing into only two etiologies degenerative and 
inflammatory, which represent respectively 97.5% and 2.5% in the EVAR group versus 
97.3% and 2.7% in the OR group, no statistically significant relationship was observed 
(p=1). 
Regarding aneurysm morphology, divided into fusiform and saccular this was respectively 
94.7% and 5.3% in the EVAR group versus 72.3% and 27.7% in the OR group, a 
statistically significant relationship was observed (p<0.001) with saccular aneurysms most 
commonly treated by OR. 
As regards the aneurysm diameter, it was 62.4 (± 14.8) mm in the group treated by EVAR 
and 64.8 (± 15.7) mm in the OR group. No statistically significant relationship (p=0.201) 
was observed. 
Blood transfusion was needed in 23.1% in the EVAR group versus 77.6% in the OR group, 
a statistically significant relationship was observed between these variables (p<0.001). 
Regarding the mean anesthesia time it was 174.4 (±63.2) minutes in the EVAR group and 
292.6 (±79.5) minutes in the OR group, a statistically significant relationship was observed 
between these variables (p<0.001). The mean surgical time was 102.7 (± 48.4) minutes in 
the EVAR group and 190.1 (±61.5) minutes in the OR group, a statistically significant 
relationship was observed between these variables (p<0.001). 
Regarding EVAR’s intra-operatory complications, we considered endoleaks necessitating 
additional treatment, arterial dissection/thromboses or other situations that require some 
additional intervention. In OR group we considered vascular or visceral damage. 
Intra-operative complications rate was 23.4% in the EVAR group and 14.4% in the OR 
group, a statistically significant relationship was observed (p<0.001). The overall rate of 
complications during hospitalization was higher in the OR group (38% in the OR group vs. 
10.8% for EVAR), with a statistically significant relationship (p<0.001). 
We analized the costs associated with EVAR and OR procedures (table 1). The average 
cost in EVAR was 1.448,30€ higher in comparison to OR. When we studied the relation 
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between costs and age (table 2), and costs and ASA classification (table 3), no statistically 
significance relation was observed regarding age but for both groups a statistically relation 
was observed between costs and ASA classification with patients classified as ASA 4 or 
above implying a significant higher cost in EVAR and in OR. 
 
Table 1 - Global cost 
  Mean Median Std. Deviation Minimum Maximum Percentil 25 Percentil 75 
EVAR 11.404,00€ 10.387,70€ 4.489,40€ 9.081,50€ 50.779,70€ 9.979,30€ 11.141,70€ 
OR 9.955,70€ 7.189,00€ 10.062,90€ 3.819,00€ 95.144,00€ 5.635,00€ 10.561,70€ 
  
 
Table 2 - Costs and age 







years  11.658€ 10.226,8€ 6.157,8€ 9.270€ 50.779,7€ 9.867,5€ 10.996,7€ 
N 70-80 years  11.110,3€ 10.484,7€ 2.163€ 9.433€ 20.979€ 10.017,8€ 11.317€ 
>80 
years  11.521,8€ 10.371,3€ 4.752,8€ 9.081,5€ 40.240,7€ 10.007,8€ 11.068,4€ 
OR 
<70 
years  9.478,8€ 6.218,9€ 12.925,1€ 3.839,9€ 95.144€ 5.189,5€ 8.217,3€ 
N 70-80 years  10.836,6€ 9.370,8€ 6.549,8€ 3.819€ 36.003€ 6.180,4€ 13.155,8€ 
>80 
years  8.607,6€ 6.534,8€ 3.911,5€ 4.592€ 14.340€ 5.476,6€ 12.424,4€ 
 SS - statistical significance Y- yes N- no 
 
Table 3 - Costs and ASA classification 
   






ASA II  11.356,5€ 9.990€ 6.185,3€ 9.270€ 40.240,7€ 9.694,2€ 10.431,8€ 
Y ASA III  10.776,7€ 10.371,3€ 1.849€ 9.081,5€ 22.643,2€ 10.012€ 10.870,8€ 
ASA IV  14.725,2€ 11.926,2€ 8.858,4€ 9.644,3€ 50.779,3€ 10.631€ 15.539,3€ 
OR 
ASA II  9.613,5€ 6.471,1€ 7.434,2€ 4.174,2€ 36.003€ 5.707,3€ 10.367,8€ 
Y ASA III  8.758€ 7.783,2€ 4.469,8€ 3.819€ 24.901,7€ 5.557,3€ 10.829,2€ 
ASA IV  21.729,8€ 9.762,2€ 30.464,9€ 4.761,5€ 95.144€ 6.653,1€ 23.607,2€ 
 SS - statistical significance Y- yes N- no 
 
The mean duration of hospitalization was 6.3 (±7.1) days for the EVAR group and 12.9 
(±16.6) days for the OR group, a statistically significant relationship was observed 
between these variables (p<0.001). 
The overall mortality during hospitalization with the use of both techniques was 2.7% 
(1.2% in the EVAR group and 5% in the OR group), no statistically significant relationship 
was observed (p=0.07). Mortality at 30 days was 1.2% in the EVAR group and 5% in the 
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Graphic 2 - Survival functions and treatment technique 
 
 
The median survival was 8.5 years with a standard deviation of 0.4 (CI 95% - 7.6-9.5) in 
the EVAR group and 8.2 years with a standard deviation of 0.4 (IC95%-7.3-9.0) in the OR 
group. We analyzed the relation between survival curves and ASA classification and age. 
We found out that in EVAR group the median survival in the group classified as ASA II 
was 5.2 years with a standard deviation of 0,4 (CI 95% - 4.4-6), in the group classified as 
ASA III was 9.4 years with 0,5 standard deviation (95-8.4 to 10,5) and in the group 
classified as ASA IV or higher was 4,6 years with a standard deviation of 8,0 (CI 95% - 
3.2-6.1), a statistically significant relation was observed with patients classified as ASA 4 
or more having a lower mean of survival (graphic 3), no statistically significant relation was 
observed in the OR group. 
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When we analyzed the relation between age and survival curves we realized that, in the 
OR group (graphic 4) the median survival for patients under 70 years was 8.7 years with a 
standard deviation of 0.6 (95% CI - 7.6 to 8.9), in the group between 70 and 80 years was 
7.5 years with a standard deviation of 0.6 (95% CI - 6.3 to 8.7) and in the group of patients 
older than 80 years was 4 years with a standard deviation of 0, 9 (95% CI - 2.2 to 5.8), 
statistically significant relationship was observed patients older than 80 years has a lower 
mean survival in comparison to younger groups, in EVAR group no statistically significant 
relationship was observed. 
 
Graphic 4 - Survival functions and group ages in OR group 
 
 
Regarding re-intervention rate at 30 days it was 4.1% for EVAR and 13.7% for patients 
treated by OR. With a mean follow up of 32.4 months our protocol follow up involves CT at 
3th and 9th month after treatment and then yearly besides, CT was also performed every 
time it seems clinically pertinent. After 30 days, re-intervention rate was 11.7% for EVAR 




From an overall assessment of this population, we conclude that the characteristics of 
patients treated by EVAR and by OR are different. Patients treated by EVAR are generally 
older and with more associated diseases. To point out that when we studied chronic renal 
insufficiency in replacement therapy we haven’t observed any relation probably due to the 
small number of patients treated. In fact only 3 patients on hemodialysis were treated and 
all of them were treated by EVAR. Only 5 renal transplant patients were treated (4 by 
EVAR and 1 by OR). These observations are in agreement with our results when we 
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studied ASA classification. “The Dutch Randomised Endovascular Aneurysm 
Management Trial”, 2005, (DREAM trial) and the “Anevrysme de l’aorte abdominale, 
Chirurgie versus Endoprothese” (ACE trial) are two randomized studies that also studied 
ASA classification in patients included (table 4). In these studies the majority of patients 
selected for treatment belonged to Class 2 of ASA Classification (mild systemic disease). 
In contrast, the majority of patients treated in our institution belong to Class 3 (severe 
systemic disease). Additionally in DREAM trial there were no patients classified as Class 
4 and they represent only 1.3% of the patients treated, all of them by EVAR, in ACE trial. 
It could be explained with the fact that in DREAM trial only patients eligible for both 
treatments were included, this can eventually have conditioned that some patients 
classified as ASA 4 were considered not eligible for OR and so not included in the trial. 
The ACE trial only included relatively good-risk patients and all patients classified as ASA 
4 were treated by EVAR. These results reinforce EVAR as an option for patients with ASA 
classification 3 or 4 whom can now be treated with less risk.(10) 
 
Table 4 - ASA Classification of the Patients Treated 
 
ASA 1 – Healthy 
Patient (%) 
ASA 2 – Mild 
Systemic 
Disease (%) 
ASA 3 – Severe 
Systemic 
Disease (%) 





EVAR - 15.4 71.0 13.1 
OR - 30.3 62.4 7.3 
DREAM trial 
 
EVAR 21.6 69.6 8.2 - 
OR 25.3 60.9 13.8 - 
ACE trial 
EVAR 10.7 66.0 22.7 1.3 
OR 8.0 59.7 32.2 - 
 
Regarding to sex, our results demonstrate the equal offer of both techniques to both 
sexes and point out the higher prevalence of the disease in male sex as described in the 
literature. 
When we studied the aneurysm’s etiology (divided into degenerative, inflammatory and 
others) no statistically significant relationship was observed but it should be noted that all 
aneurysms classified as other etiologies were treated by EVAR. As for aneurysm size 
measured by its diameter no differences were observed in both groups proving that the 
therapeutic indication is independent of the technique used. 
Regarding blood transfusion necessity we observed a clear advantage in the EVAR. We 
observed almost a reversal in necessities with 76.4% in the EVAR group not requiring 
transfusion versus 77.6% in the OR group requiring blood transfusion. At a time when the 
availability of blood is scarce this is of great importance. It also opens a door for those 
who for religious reasons do not accept transfusion of blood products. 
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Regarding the time consumption in the operating room and surgeon’s time consumption 
measured respectively by the duration of anesthesia and the surgery time there were a 
clear advantage in the treatment by EVAR with reduction of both times. Relatively to the 
overall hospital stay there was also a clear advantage in the EVAR group (6.6 days less 
than for OR). At a time when reducing inpatient bed is expected, EVAR can help in this 
aim. The average cost in EVAR was 1.448,3€ higher in comparison to OR. ASA 
classification equal or higher than 4 was associated with higher costs in both groups. 
Prospective randomized trials as “the United Kingdom Endovascular Aneurysm Repair 
Trial 1” (EVAR 1 trial), “Open versus Endovascular Repair Veterans Affair Cooperative 
Study” (OVER trial) and the already cited ACE and DREAM trials have also recognized a 
reduced in the need for transfusion, shorter surgical time and shorter duration of 
hospitalization among patients treated by EVAR when compared to those treated by open 
repair.(11, 12, 13) 
Regarding complications (intra-operative and during hospitalization) only the first shows a 
tendency to be more numerous in the EVAR group (graphic 5). 
 
Graphic 5 - Complication and re-intervention rates 
 
 
The overall rate of complications during hospitalization was significantly higher in the OR 
group and we concluded that most of these complications were medical and whose 
treatment was also medical. Actually OR showed a rate of complications during 
hospitalization of 38% but the rate of reinterventions at 30 days was only 13.7% which 
points out that most of the complications did not require re-intervention. In comparison, 
the EVAR had a lower rate of complications during hospitalization (10.8%) and a lower 
rate of re-interventions at 30 days (4.1%). 
Regarding mortality, the use of both techniques allowed to reach a global mortality during 
hospitalization of 2.7% (1.2% in the EVAR group and 5% in the OR group) (table 5). 
Although not statistically significant, the mortality difference of the two groups tends to be 
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have already concluded, we can infer benefit in terms of early mortality that this technique 
arrived. The table 2 shows the mortality rates obtained in our institution and those 
published in some prospective randomized studies (EVAR 1, DREAM, OVER and ACE 
trials). Our mortality rates are similar of those obtained in those prospective randomized 
trials. 
 
Table 5 - Intra-operative/during Hospitalization Mortality Rate 
 
Patients treated by EVAR 
(%) 
Patients treated by Open 
Repair (%) 
Our Institution 1.2 5 
EVAR 1 1.7 4.7 
DREAM 1.2 4.6 
OVER 0.5 3.0 
ACE 1.3 0.6 
 
In 2011 Mani K et al has published “Treatment of Abdominal Aortic Aneurysm in Nine 
Countries 2005-2009: A Vascunet Report”(14) where the biggest international registration 
of patients with the diagnosis of Aortic Abdominal aneurysm treated was analysed. This 
registration involves nine countries record (seven nationally - Denmark, Hungary, Italy, 
Norway, Sweden, Switzerland and the United Kingdom and two regional - Australia and 
Finland). Part of the results is shown in table 6 where we made a comparison with the 
results obtained in our institution. We can conclude that our findings are similar to those 
published in this international series. 
 
Table 6 - Results obtained from Mani K et al. Treatment of Abdominal Aortic Aneurysm in Nine Countries 2005e2009: A 
Vascunet Report 2011 and in our institution 
 
National Regional  





















C 71.1 68.3 72.6 72.2 72.1 70.8 73.6 74.65 71.1 74.1 
1
 
D 23.8 17.5 49 29 43.9 37.4 49.4 56 14.7 58.6 
E NR 6.2 NR 6.5 6.4 NR 7.1 6.5 6.4 6.24 
1
 
F 1.2 4.3 0.9 0.3 1.9 2.6 1.8 1.3 2.3 1.2 
G 4 2.3 2.2 2.7 3.2 3.6 5.3 3.8 4.4 5 
A: number of cases, B: years of study, C: Mean Age (years), D: EVAR rate (%), E: mean aneurysm diameter (cm), F: 
Operatory mortality rate for EVAR (%), G: Operatory mortality rate for Open Repair (%). (1): for the group of patients treated 
by EVAR, NR: Not Reported 
 
Long-term mortality rate associated with the two techniques has been widely studied. The 
EVAR 1, DREAM and OVER trials were in agreement in getting an early benefit in the 
peri-operative mortality with EVAR but this benefit is lost during follow-up and no 
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differences exist between the two groups in long term. In the EVAR1 Trial the authors 
consider that the loss of this initial benefit throughout the study is at least in part, due to 
late endograft ruptures. The authors also believe that EVAR is associated with a higher 
rate of graft complications, more reinterventions and higher cost. A similar conclusion was 
presented in the DREAM and ACE trials. In contrast the OVER trial revealed no significant 
difference in reintervention rates in the both groups. In our institution the reintervention 
rate after 30 days was not significantly different between the two groups corroborating the 
OVER trial and going against EVAR1, DREAM and ACE trials. 
 
Conclusions 
The selection of the treatment method to be used is not clear. At one extreme we have a 
young patient with low clinical and anatomic risk and a complex aneurysm anatomy for 
witch OR is the election. In the other extreme we have an elderly patient with high 
clinical/anatomical risk with good aneurysm anatomy and EVAR is the election. But in 
most situations in clinical practice these characteristics are mixed and hinder the decision. 
Our study showed that the two groups have different clinical conditions that make a 
comparison difficult. The EVAR group is a group with major clinical risk as demonstrated 
and it can lead to increased mortality during follow-up of these patients not necessarily 
related to its AAA. 
Assessing the institutional impact of the EVAR’s introduction in the treatment of patients 
with infra-renal AAA we conclude that the introduction of this method allowed the 
achievement of an overall during hospitalization mortality of 2.7% (1.2% for EVAR and 5% 
for OR) allowing us to achieve the objectives set by the European Society of Vascular 
Surgery which states that reference centres must have, for elective procedures, a 
mortality rate lower than 2% for EVAR and less than 5 % for OR. We also believe that by 
offering EVAR for these patients with more comorbidities (that would eventually be treated 
by OR if EVAR had not been introduced), we improved the results of OR itself. We also 
concluded that age older than 80 years influences the survival curve in the OR group and 
ASA classification equal or above 4 influences the survival curve in the EVAR group. 
Treatment by EVAR has been pointed out as having higher costs in part by the higher rate 
of re-interventions and our study came contradict this aspect and reinforce the confidence 
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Endovascular Treatment of Aortic Aneurysms and Blood Transfusion. What do We 
Need? 
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ABSTRACT 
Introduction: Comparatively to open repair, endovascular aneurysm repair has reduced transfusion 
rates but there’s no recommendation about number of red blood cells units to be crossmatched 
preoperatively. Our aim is contribute to the analysis of red blood cells units needs in endovascular and 
hybrid aortic aneurysm repair and developing a protocol for maximum surgical blood orders schedule. 
Material and Methods: We retrospectively analyzed our prospective database of elective endovascular 
aneurysm repair from 2001 to 2012. We analyzed patients’ age, gender, ASA classification, maximum 
surgical blood orders schedule, red blood cells units transfused and timings, types of endoprosthesis, 
red blood cells units consumption/endoprosthesis’ type ratio, crossmatch to transfusion ratio, 
conversion to open repair, hemoglobin concentrations before surgery and discharge. 
Results: We selected 187 patients, 90% men, mean age 73.1, ASA mode III. The endoprosthesis were 
aorto-bi-iliac in 71%, aorto-uni-iliac in 23% and thoracic in 6%. Of these, 72,6% of the patients did not 
require blood transfusion. We transfused 171 red blood cells units. Crossmatch to transfusion ratio was 
10.1 until 2010 and 7.3 after. The ratio of red blood cells units consumption/endoprosthesis in the first 
24 hours was 0.21 red blood cells units/aorto-bi-iliac, 0.46 red blood cells units/aorto-uni-iliac, 0.8 red 
blood cells units/thoracic, 1.3 red blood cells units/hybrid-thoracic and 2 red blood cells units/hybrid-
aorto-bi-iliac. A statistical correlation was observed between red blood cells units transfused 
postoperatively and type of endoprosthesis (p < 0.001) and between ASA classification and red blood 
cells units transfused after 24 hours (p < 0.01). 
Discussion: Guidelines from the British Society of Haematology are based on a crossmatch to 
transfusion ratio of 2:1. Our crossmatch to transfusion ratio was 10.1 until 2010 and 7.3 from 2011 to 
2012. 
Conclusion: These results changed our policy of maximum surgical blood orders schedule for 
endovascular aneurysm repair. We now type and screen aorto-bi-iliac and aorto-uni-iliac. We 
crossmatch two red blood cells units for thoracic, three red blood cells units for hybrid thoracic and four 
red blood cells units for hybrid abdominal procedures. This may lead to financial savings, improved 
efficiency and reduce workload in hematology department. 
Keywords: Aortic Aneurysm/surgery; Blood Transfusion; Clinical Protocols; Endovascular Procedures. 
 
RESUMO 
Introdução: O tratamento endovascular dos aneurismas da aorta reduziu as taxas de transfusão. Não 
existem recomendações relativamente às unidades de glóbulos vermelhos a serem tipadas por 
crossmatch pré-operatoriamente. O nosso objectivo é contribuir para a análise das unidades de 
glóbulos vermelhos necessárias no tratamento endovascular dos aneurismas da aorta e na cirurgia 
híbrida de aneurismas da aorta e definir um protocolo do Maximum Surgical Blood Orders Schedule. 
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Material e Métodos: Analisámos retrospectivamente a base de dados prospectiva dos doentes 
tratados electivamente por tratamento endovascular dos aneurismas da aorta, entre 2001 e 2012. 
Analisamos idade, género, classe ASA, Maximum Surgical Blood Orders Schedule, unidades de 
glóbulos vermelhos transfundidas e tempos, endoprótese, relação unidades de glóbulos vermelhos 
consumidas/endoprótese, relação unidades crossmatched/transfundidas, conversão para cirurgia 
convencional, hemoglobina pré-operatória e na alta. 
Resultados: Seleccionámos para análise 187 doentes, 90% homens, idade média 73,1, classe ASA III 
mais frequente. Usamos pró¬teses aorto-bi-ilíaca em 71%, aorto-uni-ilíaca 23% e torácica 6%. Não 
necessitaram transfusão 72,6%. Transfundimos 171 unidades de glóbulos vermelhos. A relação 
unidades crossmatched/transfundidas foi 10,1 até 2010 e 7,3 após. A relação unidades de glóbulos 
vermelhos consumidas/endoprótese nas primeiras 24 horas foi 0,21 unidades de glóbulos 
vermelhos/aorto-bi-ilíaca, 0,46 unidades de glóbulos vermelhos/aorto-uni-ilíaca, 0,8 unidades de 
glóbulos vermelhos/torácica, 1,3 unidades de glóbulos vermelhos/híbrida-torácica e duas unidades de 
glóbulos vermelhos/híbrida-aorto-bi-ilíaca. Obtivemos relação estatisticamente significativa entre 
unidades de glóbulos vermelhos transfundidas/endoprótese (p < 0,001) e entre classificação ASA e 
unidades de glóbulos vermelhos transfundidas após 24 h (p < 0,01). 
Discussão: As recomendações da British Society of Haematology baseiam-se numa relação unidades 
crossmatched/transfundidas de 2:1. Na nossa instituição, a relação unidades 
crossmatched/transfundidas foi de 10,1 até 2010 e 7,3 de 2011 a 2012. 
Conclusões: Os resultados mudaram o nosso Maximum Surgical Blood Orders Schedule para o 
tratamento endovascular dos aneurismas da aorta. Actualmente procedemos ao teste “type and 
screen” para próteses aorto-bi-ilíaca e aorto-uni-ilíaca e a testes de crossmatch de duas unidades de 
glóbulos vermelhos para torácica, três para híbrida-torácica e quatro para híbrida-abdominal. Isto pode 
levar a menos gastos, aumento de eficácia e reduzir a sobrecarga no departamento de hematologia. 
Palavras-chave: Aneurismas da Aorta/cirurgia; Procedimentos Endovasculares; Protocolos Clínicos; 
Transfusão de Sangue. 
 
Introduction 
Endovascular aneurysm repair (EVAR) was originally developed for patients considered 
ineligible for open surgical repair.(1) Since then, this minimally invasive method of 
treatment has become the first choice for anatomical suitable aortic aneurisms.  
EVAR is associated with a lower morbidity, mortality, hospital stay and blood loss.(2-4) 
Blood loss in EVAR is due to sheaths, catheters and delivery system exchanges (5) or 
surgical complications (access related problems, aneurysm or iliac artery rupture or 
inaccurate device deployment). In 2013 Montán et al, concluded that open femoral artery 
access, branched and uniiliac endografts, introducer size and aneurysm diameter were all 
associated with more perioperative bleeding.(6) Also, up to 10% of elective EVAR from his 
series had a perioperative blood loss exceeding 1 liter and 2% over 2 liters, which was 
independently associated with higher morbidity and mortality. Despite these sources of 
blood loss, there is clear documented evidence that elective EVAR has reduced blood 
loss and consequently transfusion rates. Studies suggest that EVAR is associated with a 
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perioperative bleeding between 200-400 mL, lower than 1000-1500 mL observed for open 
repair. 
Acute surgical conversion is a rare complication affecting 1.1% and blood transfusion is 
required in 69.4% of these patients.(7) As it is a rare event it is difficult to study and there is 
not an at-risk population identifiable. In addition to prolonged operative times and higher 
transfusion rates, these patients have higher morbidity and mortality rates.  
Preoperative request of red blood cells units (RBCU) often overestimates blood loss (8) 
and little of requested RBCU is ultimately used which may cause exhaustion of supplies 
and resources.9) Preoperative over-ordering has been documented for nearly 40 years.  
Two basic tests could be performed to type blood: the group and screen test that identifies 
ABO group system and the crossmatch tests that full type the sample of blood. 
Crossmatched blood is ready to use but is removed from the common pool. Concerning 
elective procedures it has been reported that only 30% of crossmatched blood is used 
which implies a waste of blood and resources.  
There are a lot of indices available to evaluate the adequacy of blood ordering and its 
utilization. In 1975 Boral Henry suggested the use of crossmatch to transfusion ratio 
(CTR). The transfusion index (TI) is referent to the number of RBCU used per patient 
crossmatch indicating appropriateness of number of RBCU crossmatched. The maximal 
surgical blood order schedule (MSBOS) is calculated from the transfusion index and 
estimates RBCU that will be needed for the procedure and can be implemented based on 
audits and in agreement between medical teams. By evaluating blood ordering and 
transfusion rates it was possible to develop MSBOS which serves as a guide to 
anticipated blood requirements in a surgical procedure and many studies have shown that 
the institutional implementation of MSBOS have led to a safe and effective reduction in 
blood ordering.  
Mann et al, refers that the majority of vascular units in the United Kingdom crossmatch 
four to six RBCU for open abdominal aortic aneurysm repair, but there is no 
recommendation for EVAR. (10) 
We analyzed the RBCU needs in our endovascular and hybrid aortic aneurysm repair 
series and developed a protocol of maximum blood orders fitted to each procedure. 
 
Material and methods 
A retrospective analysis of our prospective database of elective endovascular aneurysm 
repair from 2001 to 2012 was performed. We analyzed patients’ age, gender, American 
Society Anesthesiologists physical status (ASA) classification, maximum surgical blood 
orders schedule, RBCU transfused and timings (first 24 hours postoperative, 24 hours to 
48 hours and after 48 hours), crossmatch to transfusion ratio, types of endoprosthesis, 
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RBCU consumption/type of endoprosthesis ratio, conversion to open repair, hemoglobin 
concentrations before surgery and discharge.  
All EVAR were performed in the operative theatre, using C-arm imaging and radiolucent 
table. A single surgical femoral cut-down was done in the thoracic patients and bilateral in 
the abdominals.  
The database is maintained using Microsoft Excel (Microsoft Corporation, Santa Rosa, 
Calif) and analyses were performed with SPSS 15.0 software (SPSS Inc, Chicago, Ill). 
Mean, median, mode, minimum, maximum and standard deviation values were calculated 
for the different variables. Correlation between values and statistical significance for each 
variable studied was obtained using Pearson correlation coefficient. We used the 
standardized p value < 0.05 to consider statistically significance. 
 
Results 
Our results tend to follow a normal distribution.  
For analysis we selected 187 patients with aortic aneurismal disease treated between 
2001 and 2012. Fifteen patients had missing data that led to exclusion of the study.  
There was an increase in the numbers of patients treated by year. Since 2009 we treat 30 
patients/year.  
Of the all, 90% of the patients were male. The mean age was 73.1 (between 35 to 92 
years) (graphic 1). 
 
Graphic 1 - Sex and Age distribution of patients with endovascular repair of the aorta at our center from 2001 to 2012 
   
 
 


























Página | 141 
Graphic 2 - ASA grading of the patients 
 
 
The endoprosthesis used were aorto-biiliac (ABI) in 121 patients (71%), aorto-uniiliac 
(AUI) in 40 patients (23%) and thoracic (THO) in 11 patients (6%). Hybrid surgery 
represented 55% (6 patients) of the thoracic surgeries and 1.7% (3 patients) of the 
abdominal surgeries. We observed a statistical significant relationship between type of 
surgery and the RBCU transfused (p < 0.001) in every time intervals, with a Pearson 
correlation coefficient, r, of 0.52.  
A total of 171 RBCU were transfused, with an average of 0.9/patient. Of these, 36% of the 
RBCU were administrated in the first 24 hours after surgery, 34% between 24 to 48 hours 
and 30% after 48 hours. Of the total, 72.6% of patients weren’t transfused (90% of those 
submitted to ABI, 74% of the AUI, 60% of the THO), 8.1% of the patients needed 1 RBCU, 
7.6% needed 2 RBCU and 11.7% needed 3 or more RBCU, with a maximum of 14 RBCU.  
When we analyzed the relation between ASA classification and RBCU transfused we 
observed a statistical significant relationship (p < 0.01) only for transfusions after the first 
24 hours.  
Until 2010 we routinely crossmatch 4 RBCU for elective EVAR and our CTR was 10.1. In 
2010 we alter our policy and we started to crossmatch 2 RBCU with a CTR of 7.3 from 
2011 to 2012.  
The average hemoglobin concentration loss was 2.5 g/ dL. The average number RBCU 
spent in the first 24 hours of surgery has diminished over the years.  
The ratios of RBCU administrated in the first 24 hours per type of 
procedure/endoprosthesis were 0.21 for ABI, 0.46 for AUI, 0.8 for THO, 1.3 for hybrid 
thoracic surgery and 2 for hybrid abdominal procedures. The blood consumptions for each 
procedure and time interval is shown in Table 1. 
We had no conversion to open repair. 
 
Table 1 - Prevalence of blood transfusions for each procedure during the first 24 hours  
Blood used in the first 24 hours 
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0 90.0 74.0 60.0 66.6 33.3 
1 5.0 13.0 - - - 
2 2.5 8.0 40.0 16.7 33.3 
3 0.8 2.5 - - - 
4 0.8 2.5 - 16.7 33.3 
5 - - - - - 
6 0.8 - - - - 
7 - - - - - 
ABI – aorto bi iliac; AUI – aorto uni iliac + crossover bypass; TEVAR – endovascular repair of thoracic aneurism; 




Overall transfusion rates in EVAR are reported to be between 4.2 to 25% and 
peroperative transfusion rates between 13 to 18%. No official MSBOS exists for EVAR. 
Without a MSBOS, preoperative ordering of blood is usually based on subjective 
anticipation of blood loss which generally assumes the worst case assumptions and 
overestimates RBCU needed. MSBOS refers to a list of surgical procedures and its 
respective number of RBCU to be crossmatched before surgery and its implementation 
allowed improving blood stock management and reducing wastage of blood and 
resources. So each institution should create an MSBOS based on their experience and on 
the published literature. 
Despite major complications rates such as iatrogenic rupture are very low during 
endovascular repair, it can lead to life-threatening bleeding and so it requires massive 
transfusion. All institutions must have an emergency protocol. In this situation specific 
blood has no additional safety benefit in comparison to O negative.  
In our institution, our global policy is to transfuse when hemoglobin is below 8 g/dL, except 
for special conditions like ischemic cardiac disease. Our protocol for emergent transfusion 
is 4 RBCU O negative immediately available. Full crossmatched blood is available in 30 
min. We crossmatch 4 RBCU for open abdominal aortic aneurysm repair, similar to the 
literature. In the beginning of our EVAR program we crossmatched 4 RBCU for patient. 
Due to an empirical analysis in 2010 that changed to 2 RBCU.  
In 2012 there was a significant drop in blood donation in Portugal, leading to analysis of 
the policy for transfusion in our surgical department.  
The ideal CTR would be 1 but it means that all crossmatched blood were transfused 
which would be unsafe. The British Committee for Standard in Haematology Blood 
Transfusion Task Force recommended that a CTR of 2 - 3 is acceptable which would 
result in 30-50% of crossmatched blood being transfused.(11) Guidelines from the British 
Society of Haematology (BSH) are based on a CTR of 2:1 reinforcing that blood should 
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not be available for surgery if the usage is below 50% of requested. These guidelines 
serve only to provide an aid but an individual decision must be performed some patients 
could require crossmatch blood ordering independently of the protocol such as those with 
antibodies found in group and save screen or those with clot disorders.  
Our CTR was 10.1 until 2010 and 7.3 from 2011 to 2012, well above the recommended. 
The blood consumption during endovascular aortic procedures at our center was low. In 
fact no blood was transfused in 156 surgeries. The crossmatch of 4 RBCU implies a cost 
of 32€ and the crossmacth of 2 RBCU has a cost of 21€. In the other hand, the cost of 
type and screen is 10€. Until 2010, in 104 surgeries no RBCU was used and the 
crossmatch of 4 RBCU represented a cost of 3 328€. During this period, if type and 
screen had been performed the cost associated would have been 1 040€, considerably 
lower. Between 2011 and 2012, in 52 surgeries no RBCU was used. During this period we 
crossmatced 2 RBCU which had an associated cost of 1 092€, considerable higher than 
520€ of type and screen strategy.  
In the pursue for our new protocol, we assumed that a procedure with less than 0.5 
RBCU/surgery/first 24 hours in the last years doesn’t need any crossmatched blood, so a 
type and screen strategy was to be put in place. If a procedure has a RBCU/surgery/first 
24 hours ratio over 0.5 we crossmatch blood adapted to the type of surgery.  
The ABI grafting had a 0.21 RBCU/surgery/first 24 hours ratio, well under 0.5. The AUI 
grafting associated with femoral crossover bypass presented a 0.46 blood units 
transfused/ surgery ratio. Since March 2013, we only type and screen patients that will be 
submitted to these endovascular aortic repairs (representing over 90% of endovascular 
surgeries).  
TEVAR had a RBCU/surgery/first 24 hours ratio of 0.8. In relation with the patient’s 
security, we defined that 2 RBCU should be crossmatched. When the TEVAR is 
associated with aortic arch debranching, our ratio was 1.3, leading us to crossmatch 3 
RBCU before this kind of procedures. The abdominal hybrid surgery had a 
RBCU/surgery/first 24 hours ratio of 2. When a patient is to undergo this surgery 4 RBCU 
are crossmatched.  
The previous protocol is followed unless the patient has some known blood disorder or 
previous exposure to blood transfusions.  
The relation between ASA classification, used to define perioperative risk, and blood 
transfusion was already mentioned in literature..(12,13) In our experience ASA classification 
is related to postoperative blood transfusion after the first 24 hours, so it doesn’t interfere 
with the surgical blood orders schedule. Instead it requires a close post operative control 
of hemoglobin levels in ASA III, IV and V patients. 
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Our recommendations are the same as Mann et al in relation to EVAR, although this 
previous study did not differentiate between ABI, AUI, THO and hybrid surgery. 
 
Conclusion 
The blood transfusion in endovascular aneurysm repair is very low in the ABI and AUI 
endovascular surgeries. Because of the high CTR a type and screen politic can be put in 
place for patients that undergo these procedures. This may lead to financial savings, 
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Graphic 1 - Sex and Age distribution of patients with endovascular repair of the aorta at our center 
from 2001 to 2012 
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5. Novas perspectivas terapêuticas 
 
A emergência de uma terapêutica minimamente invasiva no tratamento do AAA em 1991 
por Parodi J. criou novas possibilidades terapêuticas em particular a doentes 
considerados de risco clínico elevado para realização de cirurgia convencional, bem 
como para os doentes que eram excluídos de a realizar.  
Existem contudo vários subgrupos de doentes, que pela sua especificidade ou raridade, 
não existe evidência científica suficiente que defina a melhor terapêutica do AAA.  
Neste capítulo analisamos: 
 - O EVAR no doente aguardando a realização de transplante renal, analisando as suas 
características clínicas e a necessidade nestes doentes de preservação das artérias 
ilíacas externas ou internas para posterior anastomose das artérias renais, aquando da 
realização do tratamento do AAA. Analisou-se também o doente já transplantado renal e 
no qual é diagnosticado um AAA com indicação para realizar tratamento cirúrgico, e que 
possui características peculiares pelo sua imunossupressão iatrogénica e no qual o 
tratamento cirúrgico necessita preservar a circulação arterial do rim transplantado. 
- O EVAR em doentes com infecção pelo VIH/SIDA, analisando as características 
etiológicas peculiares destes aneurismas, e os problemas éticos de propor o melhor 
tratamento para o doente e que simultaneamente condiciona o menor risco de 
transmissão da doença á equipe cirúrgica. 
- O EVAR em doentes nonagenários, já que sendo expectável, pelo aumento da 
esperança de vida da população portuguesa, um aumento do diagnóstico do AAA neste 
grupo etário e nos quais o risco de realização da cirurgia convencional é elevado, o 
EVAR poderá constituir a única alternativa terapêutica. 
- O EVAR nos Doentes com dissecção da aorta abdominal isolada, que pela sua raridade 
não existe actualmente indicação científica clara, sobre qual e quando o melhor 
tratamento cirúrgico a realizar. 
- O EVAR em formas clínicas que pela sua raridade e/ou originalidade podem condicionar 
uma nova indicação terapêutica. 
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5.1. Transplante renal e EVAR 
 
Impact of Endovascular Aortic Aneurysm Repair in a Renal Transplantation 
Program 
 
R. Machado1, I. Antunes1, P. Oliveira2, L. Loureiro1, P. Almeida1, C. Pereira1, R. de Almeida1 
1 - Angiology and Vascular Surgery Department, Oporto Hospital Center 
2 - Population Studies Department - Instituto de Ciências Biomédicas Abel Salazar, University of Porto 
 
ABSTRACT 
Introduction: An increasing number of Abdominal Aortic Aneurysms (AAA) may occur in renal failure 
patients waiting for kidney transplantation because of sharing atherosclerotic risk factors. There is 
increasing possibility to diagnose an AAA in this group, which treatment has some particularities. After 
aneurysm’s treatment these patients remain candidates to kidney transplantation. Similarly there is an 
increasing possibility to diagnose AAA in kidney transplantation recipients. Our aim is present our 
experience and review the published literature. 
Materials/Methods: We studied the patients that underwent Endovascular Aneurysm Repair (EVAR) 
and after were submitted to kidney transplantation and the patients that underwent Kidney 
transplantation and after were diagnosed with AAA and treated by EVAR. 
Results: Our experience with renal transplantation began in 1987 and with EVAR in 2001. We 
performed  EVAR in three kidney transplantation recipients, without complications as endoleaks or lost 
of the transplanted kidney. We performed kidney transplantation in two patients that underwent EVAR. 
Discussion/Conclusions: As patients waiting for kidney transplantation wait several months to years, 
necessity to treat the aortic aneurysm is sometimes imperative. EVAR is the preferred method in this 
high-risk group with the particularity of necessity to preserve the internal/external iliac arteries to allow 
anastomosis between renal artery of the transplanted kidney and recipient's iliac artery. Ensuring this, 
kidney transplantation remains possible and we didn't detect differences in comparison to a regular 
procedure. 
Kidney transplantation recipients have some particularities as immunosuppressive therapy, in this 
group EVAR was recognized as less aggressive and with less impact in renal function. 
 
Introduction 
An increasing number of Abdominal Aortic Aneurysms (AAA) occurs in end-stage renal 
disease patients due to the association between atherosclerosis and chronic kidney 
disease.(1, 2) In fact, hemodialysis and end-stage renal disease are associated with 
some risk factors (such as hypertension and lipid disorders) which predispose to 
accelerated atherosclerosis.(3) Improvement in the care provided to these patients has 
increased their survival and consequently their number, age and comorbidities. 
In the vast majority of patients with end-stage renal disease, kidney transplantation 
appears as the main method of treatment.(4) Thus suggests an emergence of AAA 
diagnosed among kidney transplantation recipients or among those waiting for kidney 
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transplant or, in the other hand, the diagnosis of end-stage renal disease in patients that 
underwent treatment of AAA. However, aortic aneurysms, end-stage renal disease and 
kidney transplantation are common clinical entities that still rarely coexist.(5) 
Treatment of AAA is associated with significant risk of mortality and morbidity and the 
presence of additional comorbidities may increase these risks.(6) In 1991 Parodi et al 
published the first case of Endovascular Aneurysm Repair (EVAR), designed for patients 
considered high-risk for open repair.(7) End-stage renal disease patients are included in 
this group. In the past, aortic aneurysms in end-stage renal disease patients were treated 
by open repair. Thereafter, kidney transplantation in patients that underwent AAA open 
repair became a standard procedure, even though with an high associated aggressivity. 
The idea that EVAR represents a less aggressive method of treatment in this high-risk 
group contributed to a growing interest in this method, despite an initially lack of 
knowledge about if it would imply greater difficulties in a future renal transplant procedure. 
In 2001, George et al published the first case of a renal transplant in a patient that 
underwent EVAR(8) and in 2007 Shrestha et al reported a second case suggesting that 
patients who underwent EVAR could be submitted to kidney transplantation. 
As regards treatment of AAA in kidney transplantation recipients, EVAR has been 
advocated as a less aggressive method and with less impact in renal function as it doesn't 
involve the necessity of clamping the aorta, source of blood of the transplanted kidney. 
These patients have some particularities as immunosuppressive therapy. In 2000 
Sawhney et al reported the first case of EVAR in a kidney transplantation recipient(9) and 
since then only few cases were published. 
 
Subjects and Methods 
At our institution, renal transplantation has been performed since 1984 with approximately 
100 procedures made every year. In 2001 we began our experience with EVAR and, until 
the present, we have performed nearly 300 endovascular treatments of aortoiliac 
aneurysm. During this period we treated aortic aneurysms by EVAR in three kidney 
transplantation recipients (cases 1, 2 and 3) and we performed kidney transplantation in 




A 38 years-old male with history of cerebrovascular disease (two ischemic transient 
strokes), with end-stage renal disease due to a nephritic syndrome. The patient had been 
on hemodialysis replacement therapy for 10 years. In 2001 he was transplanted with a 
deceased-donor kidney in the right iliac fossa with anastomosis to the external iliac 
Novas Perspectivas Terapêuticas 
Página | 151 
vessels. Afterwards he was medicated with prednisolone, cyclosporine, azathioprine, 
carvedilol, diltiazem and aspirin. The patient developed severe hypertension due to a pre-
occlusive stenosis in the external iliac artery proximal to the renal arterial anastomosis 
and he underwent external iliac artery stenting in 2003. In 2008, during a routine 
abdominal ultrasound, an aorto-iliac aneurysm of 4,2cm and 3,6cm respectively was 
diagnosed. Due to the aforementioned patient comorbidities and the expected technical 
difficulties for open repair, EVAR was proposed to the patient. Under loco-regional 
anesthesia both femoral arteries were exposed and a left aorto-uni-iliac Medtronic 
Endurant (Medtronic, Minneapolis, MN) stent graft was placed, associated with right 
common iliac artery occlusion and a femoro-femoral bypass with an 8 mm expanded 
Polytetrafluoroethylene graft (ePTFE) (figure 1). The decision of maintain retrograde flow 
to the transplanted kidney through a femoro-femoral bypass was based on the fact that 
this patient had aortic aneurysm and occlusive disease with previous right external iliac 
artery stenting, as we considered that such approach could prevent some possible 
complications. As renal artery has high blood flow, we believed that it would be sufficient 
to maintain patency of the femoro-femoral bypass. Thereby, we performed occlusion of 
right common iliac artery and a femoro-femoral bypass left to right, assuring retrograde 
flow to the transplanted kidney. Relying on a 7 years monitoring, no evidence of 




Figure 1 - Pre (left) and postoperative (right) CT of case 1 
 
Case 2 
A 71-year-old male with end-stage renal disease secondary to polycystic disease. The 
patient was on hemodialysis substitutive treatment for 2 years until 1990, when he was 
transplanted with a deceased-donor kidney in the right iliac fossa with anastomosis to the 
external iliac vessels. Afterwards, he was medicated with cyclosporine, enalapril, 
allopurinol, nifedipine, atenolol, aspirin and simvastatin. In 2009, the patient came to the 
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urgency emergency department with severe dorsal pain and fever. The analitic study 
showed leukocytosis and an elevated C-reactive protein. To clarify this situation, a 
Computerized Tomography (CT) scan was performed, revealing an AAA with a diameter 
of 10 cm associated with a false aneurysm of the descending thoracic aorta. A large 
spectrum antibiotic therapy was initiated. Due to patient's clinical risk, he was proposed to 
EVAR. Under general anesthesia both femoral arteries were exposed. Seeking the 
treatment of the false aneurysm, two aortic extenders, 36-mm and 32-mm diameter 
Medtronic Endurant (Medtronic, Minneapolis, MN) were placed in the thoracic aorta. A left 
Medtronic Endurant aorto-uni-iliac stent graft was placed associated with right common 
iliac occlusion, and a crossed femoro-femoral bypass with a 8-mm ePTFE was performed 
(figure 2). Since in our institution, in an urgent context, there are only aorto-uni-iliac stent 
grafts, the decision had to be performing this procedure. Because of the urgent character 
of this particular case (false aneurysm of the descending thoracic aorta with severe pain, 
increased inflammatory parameters and fever) we considered that there was no time to 
wait for an aorto-bi-iliac stent graft. Furthermore, although we used two aortic extenders 
we did not use any neuroprotective procedures, as in our institution these methods are 
used only for thoracic aortic coverage areas greater than 20 cm or when we observe a 
decrease in blood flow of vertebral or internal iliac arteries. The aortic extenders used in 
this procedure were much lower than this value. Thereby, spinal drainage was not used. 
Attending on a 4-year monitoring, there was a complete regression of the false aneurysm 
and a partial regression of the AAA. No endoleaks or signs of infection were detected. In 
2014 the patient died for a not-aneurysm related cause. 
 
 
Figure 2 - Pre (left) and postoperative (right) CT of case 2 
 
Case 3 
A 59-year-old male, with a history of cervico-thoracic spondylodiscitis in 2008, with end-
stage renal disease secondary to antineutrophil cytoplasmic antibody positive vasculitis. 
The patient was on hemodialysis substitutive treatment for 7 years. In 2009, he was 
transplanted with a deceased-donor kidney in the right iliac fossa with anastomosis to the 
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external iliac vessels. Afterwards, he was regularly medicated with tacrolimus, 
mycophenolate mofetil, prednisolone and basiliximab. In 2010, the patient came to the 
emergency department with severe abdominal pain and was submitted to an exploratory 
laparotomy that was not conclusive. In the post-operatory period a subsequent CT scan 
revealed a false aneurysm of the descending thoracic aorta. A large spectrum antibiotic 
therapy was initiated. Due to patient's clinical risk, he was proposed to EVAR. Under 
general anesthesia, by surgical approach of the left femoral artery and percutaneous 
access via the right femoral artery, a Medtronic Valiant Captivia(Medtronic, Minneapolis, 
MN) stent graft was deployed (figure 3). The postoperative period was uneventful, with no 
evidence of endoleaks or endograft infection. Later, he developed sepsis originating from 
an abcess of the leg and died at 90 days. 
 
 
Figure 3 - Pre (left) and postoperative (right) CT of case 3 
 
Case 4 
A 58 years male with history of hypertension, dyslipidemia, active smoking and end-stage 
renal disease of unknown etiology placed on the waiting list for renal transplant. In 2001, it 
was diagnosed an AAA with 5.5 cm in greatest diameter. Given the patient's clinical risk, 
he was proposed to EVAR. Under general anesthesia both femoral arteries were exposed. 
During the procedure we faced a lack of progression of the iliac extension due to a coil of 
the left external iliac artery. Given this situation, we decided to straighten the artery with a 
retroperitoneal approach. We considered that it would be less aggressive to try straighten 
the artery through an incision in the left iliac fossa than perform an open repair of the AAA, 
due to the high clinical risk of this patient, as also his complex aortic aneurysm. Therefore, 
we performed a small incision which allowed us to straighten the artery and continue 
EVAR. A Gore Excluder aorto-bi-iliac stent graft was deployed. The postoperative time 
was uneventful and with no evidence of endoleaks. In 2004, the patient began 
hemodialysis substitutive treatment. By the time, he underwent deceased-donor Kidney 
transplantation. The Kidney was placed in the right iliac fossa with anastomosis to the 
external iliac artery. The surgery went through without complication, there was no fibrosis 
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of the external iliac vessels and the procedure didn't differ from a regular one. There were 
no postoperative complications and there was a recovery of renal function. During follow-
up, renal function remained normal and no endoleaks were detected (figure 4). The patient 
died after a 13 years monitoring, for a cause not-related to the aneurysm. 
 
 
Figure 4 - CT (2008) and ultrasound (2010) control of case 4 
 
Case 5 
A 66 years-old male with history of not-active smoking, dyslipidemia, ischemic heart 
disease and myelodysplastic syndrome with pancytopenia. In 2010, during the study of a 
febrile syndrome of undetermined etiology, an infrarenal multiloculated false aneurysm 
was diagnosed. A large spectrum antibiotic therapy was initiated. Due to patient's clinical 
risk, he was proposed to EVAR. Under general anesthesia both femoral arteries were 
exposed and a Talent aorto-bi-iliac stent graft was placed. During postoperative period 
endoleak IA (figure 5) and a worsening of the renal function were observed with necessity 
of hemodialysis. Two months later we performed an ilio-renal bypass with great 
saphenous vein and an aortic extender was placed with resolution of the endoleak, 
although maintaining necessity of hemodialysis. The patient was placed on the waiting list 
for kidney transplantation. In 2014, he underwent deceased-donor kidney transplantation 
in the left iliac fossa with a termino-lateral anastomosis to the external iliac vessels. The 
surgery went through without complications, there was no fibrosis of the external iliac 
vessels and the procedure didn't differ from a regular one. In the monitoring examination 
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Figure 5 - In the left image infra-renal multiloculated false aneurysm of case 5. in the middle image a type I endoleak can be 
observed. Two months later we preformed an ilio-renal bypass with great saphenous vein and an aortic extender was 
placed with resolution of the endoleak (right image) 
 
Discussion/Conclusions 
Aortic aneurysms, end-stage renal disease and kidney transplantation are common 
clinical entities that rarely coexist. However, due to the sharing of atherosclerotic risk 
factors and the increasing survival of end-stage renal disease patients, there is a possible 
emergence of AAA diagnosed among kidney transplantation recipients or among those 
who wait for kidney transplant. But in the other hand, it springs the diagnosis of end-stage 
renal disease in patients that underwent treatment of AAA and the consequent necessity 
of a kidney transplant in these patients. Conservative management of AAA may remain an 
option for patients at high risk of mortality during surgical treatment. Yet there are no 
agent proven to reduce the aneurysm growth so far. Several studies suggested that 
doxycycline modifies favorably AAA but a recent clinical trial found that it did not limit 
aneurysm growth. In the recent review "Clonal Expansion of T Cells in Abdominal Aortic 
Aneurysm: A role for Doxycycline as drug of choice" the authors believe that further 
investigation concerning doxycycline is justified.(10) 
So nowadays, the recommended treatment is surgery but in the future conservative 
management could become an option. EVAR was originally developed for patients 
considered ineligible for open repair.(11) Patients with end-stage renal disease are included 
in this group of high-risk for conventional surgery. In 2001 Wijen et al published a study 
where the renal response to EVAR and to open repair was compared. It concluded that 
there is a significant larger response in patients undergoing open repair(12) and a similar 
conclusion was obtained by Bown et al. But EVAR also has disadvantages such as 
anatomical necessities and the use of nephrotoxic contrast. This last effect could be 
reduced by minimizing the use of contrast, with appropriated hydration and by the use of 
N-acetylcysteine.(13) 
Thus, EVAR is the preferred method of treatment in end-stage renal disease patients. 
Kidney transplantation is the preferred therapy for most patients with end-stage renal 
disease. When a patient who is looking forward for renal transplant has an AAA with 
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indication for treatment, there is a dilemma regarding time that each treatment must be 
performed. Due to the few number of reported cases, there are no clear indications. 
There are few series describing simultaneous treatment. The first description of 
simultaneous renal transplant and AAA repair was made by Cerilli et al in 1977.(14) Sadat 
et al made a revision about AAA Surgery in Transplant Recipients where some 
considerations on simultaneous treatment were included. It was mentioned the use of 
fresh arterial allografts for AAA repair combined with renal transplantation as a possibility 
of treatment previously reported. In this revision Sadat et al pointed out some 
disadvantages on the simultaneous treatment: the urgent nature of the procedure when 
the allograft becomes available; the known increased risk of aneurysm repair in end-stage 
renal disease patients; the magnitude of this kind of surgery and the possibility of 
haemodynamic instability in the postoperative period which could interfere with the grafted 
kidney. There were also some considerations on EVAR in simultaneous treatment, 
pointing that as EVAR represents the best chance of avoiding renal ischaemia, it could 
have a place in these procedures. Although there is series with simultaneous achievement 
of the two treatments with good results, some studies suggest an increased 
aggressiveness of this approach. Simultaneous treatment it is not carried out in our 
institution and in our opinion this treatment approach would be justified only in the case of 
making an accidental intraoperatively diagnosis of an aortic aneurysm during kidney 
transplant procedure. Generally end-stage renal disease patients have to wait several 
months/years for kidney transplant and sometimes there is an imperative need to treat the 
AAA during this period. From a technical point of view, in these patients, renal arteries are 
less important and the proximal stent graft sealing zone may cover these arteries. The 
transplanted kidney is usually placed in the iliac fossa and the transplanted kidney's artery 
is anastomosed to iliac (internal/external) artery, so its preservation is mandatory to allow 
the subsequent anastomosis. Ensuring this, kidney transplantation remains possible. In 
the case reported by Shrestha et al in 2007 there is stated that the iliac arteries were 
densely adherent to the corresponding veins which complicated the procedure. 
Nevertheless, they obtained a good final result. 
There are others concerns about performing renal transplant in these patients, such as 
artery dissection and occlusion of the graft due to thrombosis proximal to the site where 
arterial clamp is applied. In our two cases we found not difference including fibrosis or 
other technical difficulties in comparison to a normal transplant. Consequently, we defend 
that patients that underwent EVAR in the past should not be excluded from renal 
transplantation. 
Regarding patients with the diagnosis of an AAA who underwent to a kidney 
transplantation, it is important to point out that AAA behavior seems to be more 
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aggressive and there are some reports of aneurismal rupture in patients considered low 
risk of rupture. In 2005 Favi et al recommended an ultrasound screening for AAA in all 
renal transplant patients, adding that in this population de novo AAA occurs in younger 
subjects and shows a faster evolution.(15) Chaikof et al pointed out renal transplant as a 
risk factor to AAA expansion and rupture.(16) It is commonly accepted that aortic 
aneurysms of a diameter greater than 5cm or an iliac diameter greater than 3cm should 
be treated surgically and these diameters could be even lower in women. 
This group of patients who underwent a kidney transplantation in the past has some 
particularities such as immunosuppressive therapy, which is essential to ensure the 
integrity of the transplanted kidney by preventing cellular rejection. The most commonly 
used drugs are calcineurin inhibitors, antimetabolites and corticosteroids. Rapamycin 
(Sirolimus) has been used with increasing frequency. Initially, it remained the supposition 
that the inflammatory infiltrate seen in AAAs may be the cause of its enlargement and 
consequently its rupture. In 1996 Dobrin et al concluded that the administration of 
cyclosporine and prednisone inhibited the development and enlargement of aneurysms in 
an animal model.(17) In 2006, based on animal studies, Golledge et al suggested that 
some medical therapies, including some immunosuppressives, could prevent 
aneurysmal degeneration with promising results in an animal model and pointed out 
rapamycin as a medication demonstrated to inhibit AAA in this model.(18) But the new 
findings in humans of the more aggressive course of AAA in various types of 
transplantation (kidney, lung, cardiac transplant) contradict this observation. Actually, it 
suggests that these agents may have an adverse effect on AAA progression.(19) 
Immunosuppression therapy could also be associated with wound complications.(20,21) 
Mehrabi et al concluded that when performing a transplantation procedure, rapamycin 
should only be administered three months after and steroids should be tapered as soon 
as possible to allow wound cicatrization. Rapamycin has an inhibitory action on platelet-
derived growth factor, on fibroblast growth factor and inhibit proliferation of smooth muscle 
cells which increase the risk of wound complications at surgical sites.(21) In conclusion, 
immunosuppressive therapy usually should be maintained in the postoperative period with 
the exception of rapamycin which, due to the very high rate of wound complications 
should be avoided in the initial 3 months post-operative period and could be reintroduced 
once the surgical wounds have healed. The increased risk of infection and the need for 
management of immunosuppressive therapy leads us to the conclusion that EVAR, with 
less surgical aggression requiring only small incisions that can be made using loco-
regional anesthesia, represents a great advantage. 
It is also important to refer that the treatment of AAA by OR in this group of patients has 
some peculiarities. For instance, the fact that transplanted kidney is usually placed in the 
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iliac fossa and renal artery is anastomosed to iliac artery. In consequence, the iliac artery 
is distal to the aortic aneurysm, so it implicates kidney ischemia during the procedure. 
EVAR avoids aortic clamping and is associated with little or no impairment of renal arterial 
flow.(22) Usually, the transplanted Kidney is strongly adherent to the retroperitoneal 
structures and its mobilization is often very difficult and dangerous because of the 
possibility of renal parenchymal injury. 
The first two cases of EVAR in kidney transplantation recipients were reported by 
Sawhney et al in 2000. Both patients had an uneventful postoperative recovery and no 
complications related to the EVAR were observed. After then, only a few other cases were 
reported.(23-31) In 2010 Sadat et al concluded that only 15 cases had been published since 
the first report, confirming that EVAR is safe. Thenceforth, Hseino et al(32) published three 
more cases in 2011 (one of them was complicated with type 1 endoleak and urosepsis) 
and John et al published another two successful cases in 2013. The literature revisions 
combined with our experience made us conclude that EVAR is an effective method of 
treatment of aortic aneurysms in kidney transplant recipients. From our point of view, OR 
should be reserved for cases ineligible for EVAR because of aneurysmal anatomical 
characteristics or impossibility to preserve the flux in the renal artery of the transplanted 
kidney. 
In conclusion, our experience reinforces the importance of EVAR in this high risk group of 
patients with end-stage renal disease who are looking forward for a kidney transplantation 
and in those patients that underwent kidney transplantation in the past. The particularity is 
to preserve the iliac arteries in order to allow a future anastomose or to maintain the blood 
flow of the transplanted kidney, respectively. If it is not possible, open repair should be 
performed. In kidney transplant recipients with the diagnosis of AAA but no indication for 
treatment, we also agree that a closely imaging monitoring should be done because of the 
more aggressive course of the disease observed in these patients. 
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Figures 
Figure 1 - Pre (left) and postoperative (right) CT of case 1 
Figure 2 - Pre (left) and postoperative (right) CT of case 2 
Figure 3 - Pre (left) and postoperative (right) CT of case 3 
Figure 4 - CT (2008) and ultrasound (2010) control of case 4 
Figure 5 - In the left image infra-renal multiloculated false aneurysm of case 5. in the middle image 
a type I endoleak can be observed. Two months later we preformed an ilio-renal bypass with great 




1. Sherstha BM, McKane WS, Raftery AT. Renal Transplantation After Endovascular Repair of 
Abdominal Aortic Aneurysm. Transplant Proc 2007; 39:1670-1672. 
2. Machado R, Almeida P, Loureiro L, Almeida R. Renal Transplantation After Endovascular Aortic 
Aneurysm Repair: Case Report and Literature Review.Transplant Proc 2011; 43:150-152 
3. Matia I, Adamec M, Varga M, Janousek L, Lipar K, Vicklicky O. Aortoiliac Reconstrution with 
Allograft and Kidney Transplantation as a One-stage Procedure: Long Term Results. Eur J Vasc 
Endovasc Surg 2008; 35:353-357. 
4. Merion RM, Ashby VB, Wolfe RA, et al. Deceased-Donor Characteristics and the Survival 
Benifit of Kidney Transplantation.JAMA 2005; 294(21):2726-2733. 
5. Machado R, Almeida P, Loureiro L, Almeida R. Endovascular Aortic Aneurysm Repair in Kidney 
Transplant Recipients. Transplant Proc 2011; 43:145-149. 
6. Bown M.J., Norwood M.G.A., Sayers R.D. The Management of Abdominal Aortic Aneurysms in 
Patients with Concurrent Renal Impairment. Eur J Vasc Endovasc Surg 2005;30:1-11. 
7. Parodi JC, Palmaz JC, Barone HD. Transfemoral intraluminal graft implantation for abdominal 
aortic aneurysms. Ann Vasc Surg 1991; 5:491-499 
8. George P, Tan HP, Beebe H, Ratner L. Successful renal transplantation after endovascular 
bifurcated stent graft repair of an abdominal aortic aneurysm. Transplantation 2001;15;72(3): 533-
534 
9. Sawhney R, Chuter TA, Wall SD. Aortic stent-grafts in patients with renal transplants. Endovasc 
Ther 2000; 7(4):286-291. 
10. Kroon AM, Taanman JW. Clonal Expansion of T Cells in Abdominal Aortic Aneurysm: A Role for 
Doxycycline as Drug of Choice?. Int. J. Mol. Sci 2015; 16:11178-11195 
11. Trial Investigators The United Kingdom EVAR. Endovascular Repair of Aortic Aneurysm in 
Patients Physically Ineligible for Open Repair. N Engl J Med 2010; 362(20):1872-1880. 
12. Wijnen MHWA, Cuypers Ph, Buth J, Vader HL, Roumen RMH. Differences in Renal Response 
Between Endovascular and Open Repair of Abdominal Aortic Aneurysms. Eur J Vasc Endovasc 
Surg 2001; 21:171-174. 
Novas Perspectivas Terapêuticas 
Página | 160 
13. Alonso A, Lau J, Jaber BL, Weintraub A, Arnak MJ. Prevention of radiocontrast nephropathy 
with N-acetylcysteine in patients with chronic kidney disease: a meta-analysis of randomized, 
controlled trials. Am J Kidney Dis 2004;43(1):1-9. 
14. Sadat U, Huguet EL, Varty K. Abdominal Aortic Aneurysm Surgery in Renal, Cardiac and 
Hepatic Transplant Recipients. Eur J Vasc Endovasc Surg 2010;40:443-449 
15. Favi E, Citterio F, Tondolo V, et al.Abdominal aortic aneurysm in renal transplant recipients. 
Transplant Proc 2005;37(6):2488-2490. 
16. Chaikof EL, Brewster DC, Dalman RL, et al. The care of patients with an abdominal aortic 
aneurysm: The Society for Vascular Surgery practice guidelines. J Vasc Surg 2009;50(4):1S-49S. 
17. Lokanathan R, Taylor DC. Abdominal aortic aneurysm after pulmonary transplantation: A case 
report. J Vasc Surg 2000;31(3):585–588 
18. Golledge J, Muller J, Daugherty A, Normal P. Abdominal Aortic Aneurysms: Pathophysiological 
Mechanisms and Clinical Implications. Arterioscler Thromb Vasc Biol 2006;26:2605-2613. 
19. Lindeman J, Rabelink TJ, Bockel JH. Immunosuppression and the Abdominal Aortic Aneurysm: 
Doctor Jekyll or Mister Hyde? Circulation 2011;24:e463-e465. 
20. Mehrabi A, Fonouni H, Wente M, et al.Wound Complications Fllowing Kidney and Liver 
Transplantation. Clin Transplant 2006;20(17):97-110 
21. Kuppahally S, Al-Khaldi A, Weisshaar D, et al. Wound healing complications with de novo 
sirolimus versus mycophenolate mofetil-based regimen in cardiac transplant recipients. Am J 
Transplant 2006;6:986-992. 
22. Joh JH, Nam DH, Park H. Endovascular abdominal aortic aneurysm repair in patients with renal 
transplant. J Korean Surg Soc 2013;84:189-193 
23. Abad C, Maynar M, De Blas M, Ponce G, Plaza C. Endovascular repair of abdominal aortic 
aneurysm in a renal transplant patient. J Cardiovasc Surg 2000;41(6):915-917 
24. Forbes TL, Derose G, Kribs S, Abraham CZ, Harris KA. Endovascular repair of abdominal aortic 
aneurysm with coexisting renal allograft: Case report and literature review. Ann Vasc Surg 
2001;15:586. 
25. Teufelsbauer H, Prusa AM, Prager M, et al. Endovascular treatment of a multimorbid patient 
with late AAA rupture after stent-graft placement: 1-year follow-up. J Endovasc Ther 2002;9(6):896-
900 
26. Wolters H, Reimer P, Senninger N, Pelster F, Dielt KH. Stent Graft of Abdominal Aortic 
Aneurysm after renal transplantation. Ann Vasc Surg 2002;16:225-227 
27. Mirelli M, Curti T, Testi G, et al. Failure of endovascular abdominal aortic aneurysm graft limb in 
a kidney transplant patient: a case report. Transplantation 2003;76(12):1774-1775. 
28. Ailawadi G, Bedi A, Williams DM, Stanley JC, Upchurch Jr GR. Endovascular treatment of aortic 
aneurysms in patients with renal transplants. Journal of Vascular Surgery 2003;37(3):693–696. 
29. Malagari K, Brountzos E, Gougoulakis A, et al. Endovascular repair of abdominal aortic 
aneurysm in renal transplantation. Urol Int 2003;70(1):51-54. 
30. Khanmoradi K, Brewster DC, Haddad FF, Cho SI. Endovascular repair of abdominal aortic 
aneurysm in a kidney transplant patient with 4-year follow-up. Surgery 2004;136(1):103. 
Novas Perspectivas Terapêuticas 
Página | 161 
31. Hughes JD, Leon LR Jr, Goshima KR. Aortic stent-graft explantation in a kidney transplant 
recipient. Ann Vasc Surg 2009;23(4): 535.e21–535.e26 
32. Hseino H, McGrath F, Hickey D, Hill AD, Moneley D. Endovascular abdominal aortic aneurysm 









Novas Perspectivas Terapêuticas 
Página | 163 
Endovascular Aortic Aneurysm Repair in Kidney Transplant Recipients 
 
R. Machado1, P. Almeida1, L. Loureiro1, R. Almeida1 
1 - Angiology and Vascular Surgery Department, Oporto Hospital Center 
 
Abstract 
Aortic aneurysm, chronic renal failure, and kidney transplantation are common clinical entities that 
rarely coexist. The increased number of kidney transplant patients, their greater survival, and the 
sharing of risk factors for aortic aneurysms, suggest the emergence of a larger number of diagnoses of 
aortic aneurysms among kidney transplant patients. These patients’ cases present the particularities of 
immunosuppression that can alter the healing of the wounds or the development of infections. There is 
a need to protect the kidney during aortic clamping and several co-morbidities that increase the 
surgical morbidity and mortality. The advent in 1991 of the endovascular aortic aneurysm repair 
(EVAR), with less physiologic aggression, brought a new therapeutic perspective that minimizes these 
problems. Our experience with renal transplantation began in 1987 and with EVAR in 2001. During this 




Aortic aneurysm, chronic renal failure, and kidney transplantation are common clinical 
entities that rarely coexist. The increased number of patients who have chronic renal 
failure and who are transplant candidates due to the broadening of criteria for the 
procedure and their likely extended survival should increase the number of subjects with 
concomitant aortic aneurysms.(1–4) These patients present particularities such the 
immunosuppression, the need to protect the kidney during aortic clamping, and multiple 
co-morbidities. In 1991, Parodi et al published the first case of endovascular aortic 
aneurysm repair (EVAR)(5) having as an advantage the diminished physiologic aggression, 
allowing its use in patients who were unfit for conventional surgery. The disadvantages 
are the anatomical limits, the use of nephrotoxic contrast media, and the cost. 
 
Methods 
Since 1984, our center has performed 1,885 kidney transplantations. Since 2001, the year 
we began our EVAR programs, we treated three of these patients who had aortic 
aneurysms using EVAR. 
 
Case 1 
A 38-year-old male patient with chronic renal failure secondary to nephritic syndrome had 
been on hemodialsis for 10 years Nine years ago he was transplanted with a deceased-
donor kidney into the right iliac fossa, with anastomosis to the external iliac vessels. In 
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2003, he underwent external iliac artery stenting, proximal to the renal arterial 
anastomosis, due to pre-occlusive stenosis and severe hypertension. During a routine 
abdominal ultrasound in 2008, we detected an abdominal aorto-iliac aneurysm of 4.2 cm 
and 3.6 cm respectively. Furthermore, he had experienced two strokes at 18 and 24 years, 
and recovered without sequelae. His medications included prednisolone, cyclosporine, 
azathioprine, carvedilol, diltiazem, aspirin, and calcitriol. Considering the comorbidities 
and technical difficulties expected during conventional surgery, we chose endovascular 
treatment using spinal anesthesia. A left aorto-uni-iliac Medtronic Endurant (Medtronic, 
Minneapolis, MN) stent-graft was used associated with right iliac occlusion and a crossed 
femoro-femoral bypass with an 8-mm expanded polytetrafluoroethylene graft (ePTFE). 
Postoperatively, there was slight worsening of renal function that gradually reversed. The 
patient was discharged on the eighth postoperative day. With a 2-year follow-up, renal 
function remains unchanged with no evidence of endoleaks or aneurysm growth (Figure 1). 
 
 




A 71-year-old male patient, with chronic renal failure secondary to polycystic disease had 
been on hemodialysis for 2 years. A deceased-donor kidney renal transplantation 19 
years ago in the right iliac fossa was anastomosed to the external iliac vessels. He was 
regularly medicated with cyclosporine, allopurinol, enalapril, nifedipine, atenolol, aspirin, 
and simvastatin. 
The patient entered the emergency department with severe dorsal pain and a febrile 
syndrome, with leukocytosis and an elevated C-reactive protein. The computed 
tomographic scan revealed an abdominal aortic aneurysm of 10 cm greatest diameter, 
which was associated with false aneurysm of the descending thoracic aorta. He started 
antibiotic therapy with meropenem and linezolid before it was decided to perform urgent 
Novas Perspectivas Terapêuticas 
Página | 165 
endovascular treatment under general anesthesia. Two 36-mm and 32-mm diameter 
Medtronic Endurant (Medtronic, Minneapolis, MN) aortic extenders were de-ployed in the 
thoracic aorta to treat the thoracic false aneurysms as well as a left Medtronic Endurant 
aorto-uni-iliac stent-graft in association with right common iliac occlusion and an 8-mm 
ePTFE crossed femoro-femoral bypass. The postoperative period progressed uneventfully. 
He was discharged under oral antibiotic therapy for 3 months. At a follow-up 18 months 
later, renal function is unchanged; there is no evidence of endoleaks. During this follow-up 
period, the patient underwent a right nephrectomy and adrenalectomy for pheo-
chromocytoma (Figure 2). 
 
 




A 59-year-old male patient with chronic renal failure secondary to antineutrophil 
cytoplasmic antibody positive vasculitis received hemodialysis for 7 years. He 
experienced cervico-thoracic spondy-lodiscitis 2 years prior and deceased-donor kidney 
transplantation in the right iliac fossa 1 year before. He was regularly medicated with 
tacrolimus, mycophenolate mofetil, prednisolone, and basiliximab. The patient entered the 
emergency department with severe abdominal pain which led to a negative exploratory 
laparotomy. A subsequent thoraco-abdominal computed tomography scan revealed a 
false aneurysm of the descending thoracic aorta leading to empiric therapy with 
valganciclovir and piperacillin/tazobactam. Because of progressive cachexia, we added 
parenteral nutrition. Under general anesthesia, a Medtronic Valiant captivia (Medtronic, 
Minneapolis, MN) stentgraft was deployed via a surgical approach to the left femoral 
artery and percutaneous access via the right femoral artery. The postoperative period was 
uneventful, the patient had continuing normal renal function without endoleaks. Later, he 
developed sepsis originating from an abscess on his leg and died (Figure 3). 
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Figure 3 - Pre- and post-operatory CT of Case 3 
 
Discussion 
As the number of kidney transplant patients and their survival increases, and because of 
the high incidence of associated cardiovascular diseases including hypertension, this 
group may show an increased risk of developing aneurysmal disease.(1–4,6) Although the 
behavior of the aortic aneurysm in transplanted patients is not well known, it is commonly 
accepted that it shows more aggressive behavior than observed in the general population, 
contradicting laboratory data that suggest immunosuppressive treatment to reduce 
aneurysmal growth. There have been some reports of aneurysmal rupture among trans-
planted patients who were considered to be at low risk for rupture. It is commonly 
accepted that aortic aneurysms of a diameter greater than 5cm or an iliac diameter 
greater than 3cm should be treated surgically. Repair of smaller diameter lesions should 
be considered in female patients and in patients who are small in stature.(7) Transplanted 
patients who have known aneurysms but no indication for surgery should be followed 
closely with serial imaging. 
Surgical repair of aortic aneurysms in kidney transplant recipients presents unique 
challenges because the arterial supply to the kidney transplant usually derives from the 
iliac artery, which is located distal to the aneurysm. 
The biggest problems with conventional surgery are its major physiological 
aggressiveness, the kidney warm ischemia time, and the possibilities of cicatrization on 
infection augmented by the immunosuppression therapy.(8 –11) Techniques to minimize the 
effects of renal ischemia, including temporary axillary-femoral bypass or shunts, renal 
perfusion with cold solutions, or local cooling of the kidney and extracorporeal membrane 
oxygenation, have shown equivocal benefits. Mobilization of the kidney transplant to 
obtain adequate exposure for the aneurysm repair is difficult. The transplant is generally 
densely adherent to the retroperitoneal structures; renal parenchymal injury is a common 
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cause of significant bleeding, which can be difficult to manage. Despite its complexity, the 
literature reports good results with conventional surgery.(12–20) 
Endovascular treatment initiated by Parodi et al(5) is of particular interest for patients 
considered to be at high risk for conventional surgery. Its low physiological and surgical 
aggressiveness enables its application to patients unfit for conventional surgery, allowing 
the realization of the procedure under local or regional anesthesia, with minimum 
interference with oral immunosuppressive treatment, (except rapamycin which, whenever 
possible, should be re-placed), and greatly reduced renal ischemia time. The short-term 
mortality of EVAR is clearly inferior to conventional surgery, despite showing a higher rate 
of reintervention in the long-term. The negative factors include: (1) the need for 
appropriate anatomic criteria neck diameter, shape, calcification, presence of thrombus as 
well as tortuosity and diameter of access vessels; (2) the nephrotoxicity of radiocontrast is 
another negative factor, which can be offset by vigorous hydration, diuresis, and use of N-
acetylcysteine.(21–23) There is no increased risk of contrast-induced nephropathy in a 
transplanted kidney although transplanted and normal kidneys have been suggested to be 
equally susceptible to contrast-induced nephropathy.(24) 
Only small series have been presented for this sub-group of patients as reviewed in 2010 
by Sadat et al.25 15 cases have been published since the first report in 2000 by Sawhney 
et al, confirming that endovascular repair is safe.26-35 
The good immediate results obtained using EVAR has extended its use to patients with 
aortic aneurysms even without a contraindication to conventional surgery, either by virtue 
of doctor or patient choice.(7) 
Our experience with EVAR confirmed its efficacy in renal transplant recipients whose 
renal function was pre-served without evidence of endoleaks or aneurysmal growth on 
follow-up. Although the most appropriate treatment for kidney transplant patients with 
aortic aneurysms requires definition, our experience with EVAR suggests to reserve 
conventional surgery for cases not amenable to endovascular treatment. 
In conclusion, endovascular treatment is emerging as a less aggressive treatment 
particularly appropriate for trans-planted patients with a high surgical risk, as confirmed in 
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Figures 
Figure 1 - Pre- and post-operatory CT of Case 1 
Figure 2 - Pre- and post-operatory CT of Case 2 
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Renal Transplantation After Endovascular Aortic Aneurysm Repair: Case Report 
and Literature Review 
 
R. Machado1, P. Almeida1, L. Loureiro1, R. Almeida1 
1 - Angiology and Vascular Surgery Department, Oporto Hospital Center 
 
Abstract 
An increased number of aortic aneurysms are expected to be diagnosed in chronic renal failure 
patients awaiting kidney transplantation because of its strong association with atherosclerosis. The 
development of endovascular aortic aneurysm repair in the 1990s, which is characterized by low 
morbidity as well as shorter operative time and length of hospital stay, is particularly suited to these 
patients who are at high risk for conventional surgery. Herein we describe a case of a 58-year-old, man 
who was diagnosed with a 5.5-cm aortic aneurysm in 2001 and treated with a Gore Excluder (WL Gore 
and Assoc, Flagstaff, Ariz) aorto-iliac stent-graft. In 2004, he underwent uneventful deceased donor 
kidney transplantation in the right iliac fossa. With a follow-up of 6 and 9 years, respectively, there is no 
evidence of an endoleak. The renal function remains normal. This promising new surgical technique 
has been the subject of only a few published cases. At our center, endovascular aortic aneurysm repair 
is the first-intention treatment for these patients, as long as it is possible to preserve the iliac arteries 
for the renal anastomoses and the anatomic conditions are suitable for stent-graft deployment. 
 
Introduction 
An increased number of aortic aneurysms are expected to be diagnosed in chronic renal 
failure patients who are awaiting kidney transplantation because of the strong association 
with atherosclerosis.(1,2) Kidney trans-plantation after conventional surgical treatment of 
aortic aneurysms has become a standard procedure.(3) However, some groups have 
reported good results with simultaneous treatment of an aortic aneurysm and renal 
transplantation.(4) In 1991, Parodi et al(5) published an account of a revolutionary treatment 
of aortic aneurysms, endovascular aortic aneurysm repair (EVAR) designed for patients 
who are at high-risk for conventional surgery, a category in which chronic renal failure 
patients fit.(6) In 2001, George et al(7) published the first successful renal transplant after 
EVAR. A second case was presented by Shrestha et al(8) in 2007. Our center began 
performing kidney transplantations in 1984, completing 1,885 procedures until now. We 
began using endovascular treatment of aortic aneurysms in 2001. 
 
Methods 
We describe our first case of endovascular treatment of an aortic aneurysm followed by 
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Clinical Case 
This 58-year-old male patient with chronic renal failure of unknown etiology was also 
diagnosed with hypertension, dyslipidemia and tobacco use, when placed on the waiting 
list for kidney transplantation. In 2001, he was diagnosed with a 5.5cm abdominal aortic 
aneurysm. Given the high risk to perform conventional surgery, we exercised the option of 
endovascular treatment with a Gore Excluder aorto-bi-iliac stent-graft, under general 
anesthesia with surgical exposure of both femoral arteries. Because of a lack of 
progression of the iliac extension, caused by a left external iliac artery coil, we decided to 
straighten the artery. The postoperative period was uneventful with no evidence of 
endoleaks. In 2004, hemodialysis was started and he underwent deceased-donor kidney 
transplantation in the right iliac fossa, with a termino-lateral anastomosis to the external 
iliac artery and vein. The surgery was without complications; there was no fibrosis of the 
external iliac vessels. The postoperative period was uneventful with recovery of renal 
function. At follow-up examinations at 6 and 9 years, there is no evidence of endoleaks; 
renal function remains normal (Figure 1). 
 
 
Figure 1 - AngioCT and ultrasound control of kidney and aortic aneurysm 
 
Discussion 
Chronic renal failure (CRF) and hemodialysis are predisposing factors for the accelerated 
development of atherosclerosis. Kidney transplantation has become the treatment of 
choice for end-stage renal failure.(9) Thus, an increasing number of diagnoses of 
abdominal aortic aneurysms can be expected in these patients with the consequent need 
for aorto-iliac reconstruction. Conventional surgery has shown merits in the treatment of 
aortic aneurysms with a mortality rate less than 8% among the general population, but the 
CRF subgroup is considered to be at high risk with greater mortality rates.(10) Patients 
frequently wait for months to years for a transplantation, and renal complications after 
aneurysm repair are common. Therefore, patients awaiting kidney transplantation should 
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generally have their aneurysm repaired before the procedure. However, there is a 
dilemma between a one-stage versus a two-stage approach. Because of the limited 
number of patients and short follow-up periods reported to date, there are no clear 
recommendations. Aortic aneurysms should be treated when they have reached more 
than 5.5cm in greatest diameter.(11) Although there are published series of simultaneous 
treatment of aortic aneurysms and kidney transplantation with good results, this option is 
more aggressive.(4,12) 
In 1991, Parodi et al(6) published the first account of a case involving EVAR. This 
procedure offers the advantage of lower mortality, less operative time, and a shorter 
hospital stay. Its disadvantages are the higher costs and the necessary anatomical criteria 
to deploy the stent-graft which preclude its application to all patients namely, neck length, 
diameter, mural thrombus, calcification, and access vessel diameter. The criteria for 
application of EVAR for patients considered at high risk for conventional surgery include 
chronic renal failure. Eventually, it has been established not only as a safe alternative but 
also as the treatment of choice for high-risk patients. There is some evidence that EVAR 
results in less renal injury when compared to open abdominal aortic aneurysm repair.(13,14) 
Among patients who have CRF undergoing dialysis, the renal arteries are less important; 
consequently, the sealing area of the proximal stent-graft can be increased to cover them. 
In contrast, it is necessary to preserve the iliac internal and/or external arteries for the 
subsequent anastomosis of the renal artery so they cannot be covered by the stent graft. 
In 2001, George et al(7) performed a kidney transplantation after EVAR, with good results 
at 1-year follow-up. In 2007, Shrestha et al(8) published a second case, referring to an 
extensive adhesion between the external iliac artery and vein during transplantation, 
which complicated their dissection, but they achieved a good result in terms of renal 
function. 
In our case, renal transplantation was performed 3 years after EVAR. During dissection of 
the iliac vessels, we did not see any changes, including fibrosis; the transplant proceeded 
in normal fashion. With a 6-year follow-up, kidney function remains normal and the 
aneurysm with a follow-up of 9 years did not show any growth or endoleak. This is the 
longest published follow-up, suggesting the success of the technique in the midterm. 
In conclusion, an increasing number of aortic aneurysms will be treated by endovascular 
approaches among CRF patients awaiting transplantation. Our experience reinforced the 
importance of EVAR in these high-risk patients, but emphasized the need to preserve the 
iliac arteries for subsequent renal artery, implantation. Conventional surgery should be 
applied for patients in whom we cannot spare the iliac arteries or those anatomical unfit 
for EVAR.  
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5.2. EVAR em doentes com infecção por VIH/SIDA 
 
Abdominal aortic aneurysm and Human Immunodeficiency Virus infection, a new 
indication for Endovascular Aneurysm Repair? 
 
R. Machado1, D. Silveira1, P. Almeida1, R. Almeida1 
1 - Angiology and Vascular Surgery Department, Oporto Hospital Center 
 
Abstract 
Endovascular aneurysm repair (EVAR) is indicated in high-risk patients for conventional surgery, with 
anatomic conditions for endoprosthesis implantation. Low morbidity, mortality and physiological 
aggressiveness have been expanding the indications for its use. Still, EVAR is questionable in younger 
patients, with a low surgical risk and a prolonged life expectancy. Abdominal aortic aneurysms (AAA) 
are rare in human immunodeficiency virus (HIV) infected patients in western countries and have 
singular characteristics: an unknown etiology, multiple arterial involvement, poor open surgery results 
and risk of infection transmission to surgeons. For these reasons EVAR opened new therapeutic 
perspectives in this group of patients. We present our experience with two HIV patients in whom an 
AAA was diagnosed, one with a 10 cm diameter treated by EVAR, excluded with an aorto-uni-iliac 
endoprosthesis, other followed regularly, describing their features and therapeutic results. The reported 
cases allow us to speculate on the importance of anti-retroviral and endovascular treatments reducing 
the inflammatory process on the arterial wall, with a consequent delay in aneurysm growth and even its 
regression, which reinforces the possible relevance of EVAR as a first line treatment for this particular 
pathology. 
Keywords: Aortic aneurysm, HIV, EVAR, AIDS, Aneurysms 
 
Resumo 
O tratamento endovascular do aneurisma da aorta (EVAR) está indicado em doentes de alto risco 
cirúrgico e com condições anatómicas favoráveis para implantação da endoprótese. As reduzidas 
morbi-mortalidade e agressividade fisiológica desta técnica expandiram as suas indicações, sendo 
ainda questionável para doentes jovens, de baixo risco e sobrevida prolongada. A associação entre 
aneurismas da aorta abdominal (AAA) e infecção HIV é rara no mundo ocidental, tendo ainda várias 
particularidades: uma etiologia desconhecida, envolvimento arterial múltiplo, maus resultados no 
tratamento por cirurgia convencional e risco de transmissão do HIV. Apresentamos a nossa 
experiência em dois pacientes com infecção HIV e AAA, um com 10 cm de diâmetro, excluído por 
EVAR com endoprótese aorto-uni-ilíaca, outro seguido regularmente, descrevendo as suas 
características e resultados. Estes casos permitem-nos reflectir sobre a importância do tratamento 
anti-retrovírico e endovascular na redução do processo inflamatório da parede arterial, condicionando 
um atraso na progressão do aneurisma ou mesmo a sua regressão, abrindo perspectivas para uma 
nova indicação para EVAR. 
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Introduction 
Epidemic infection by the human immunodeficiency virus (HIV) continues to progress 
despite the global efforts to reduce it. The largest number of patients with HIV/AIDS is 
located in sub-Saharan Africa (60% of the world’s total)(1,4) an area where health care 
resources are scarce and access to anti-retroviral treatment is limited. In this disease, 
non-atherosclerotic vasculopathies, in which aneurysms are included, occur at a later 
stage and are a hallmark of advanced disease, and that may be the reason why they are 
more commonly reported in Africa.(1,6,8,9) 
The treatment of abdominal aortic aneurysms (AAA) can be performed, as is known, by 
conventional surgery or endovascular repair (EVAR), however it’s still a matter of dispute 
in this pathology, which one could be better. Aneurysms associated with HIV have 
particular characteristics and pose specific problems: the etiology is unknown, patient life 
expectancy is reduced compared to the general population, there is an increased infection 
risk due to immunosuppression leading to poorer short and medium term conventional 
surgery results and there is a risk of HIV infection transmission to surgeons. 
Treatment with highly active antiretroviral therapy (HAART) has a proven efficacy in 
improving overall survival by inhibiting viral replication,(10,14) but its effect in the natural 
history of aneurysmal disease is not well defined.(1,6,7,8,9,15) 
 
Case Reports 
We present two case reports of HIV infected patients in whom an AAA was diagnosed: 
 
Case 1 
A 51-year-old male patient, of mixed European and African ancestry, smoker, with 
hypertension and HIV infection detected in 1999 following the diagnostic work-up for 
asthenia. The infection was transmitted by sexual intercourse. The initial results of 
laboratory tests showed 500,000 RNA copies/ml, 24 CD4+ T lymphocytes and treatment 
with HAART was initiated. In the same year, the patient developed atypical mycobacteria 
pneumonia treated with rifampicin, ethambutol and pyrazinamide. In 2002, he endured 
weighty personal problems that led him to abandon HAART. In 2005 he had an acute 
myocardial infarction: coronary angiography revealed dilated arteries with slow flow and 
stenotic disease of the first marginal artery, not amenable to revascularization. 
In 2008 he was admitted to the emergency department (ER) with diffuse abdominal pain 
and a large pulsatile expandable abdominal mass, hypertension and anemia (Hb 6.8 g/dl). 
A CT scan of the abdomen showed an infra-renal aorto-iliac aneurysm of 10 cm diameter 
and no rupture evidence (Figure 1). 
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Figure 1 - Aorto-iliac aneurysm 
 
At that moment the patient had 14,731 RNA copies/ml and 81 CD4 + T lymphocytes. He 
was transferred to the Department of Angiology and Vascular Surgery on intravenous 
perfusion of labetalol for blood pressure control and resumed HAART. During 
hospitalization he had numerous episodes of abdominal pain associated with hypertensive 
crisis, performing several CT’s that excluded AAA rupture. Blood, urine and sputum 
cultures were negative for bacteria, as well as fungi and serological tests showed 
presence of IgG antibodies for Herpes Simplex 1, 2 and Varicella-Zoster virus. 
After a HAART cycle, which allowed a decrease of the viral load to 212 RNA copies/ml, 
EVAR was performed under general anesthesia, by surgical exposure of both common 
femoral arteries. An aorto-uni-iliac Endurant Medtronic® endoprosthesis (with a proximal 
diameter of 28 mm and distal diameter of 24 mm) was implanted through the right iliac 
axis, followed by occlusion of the common and external left iliac arteries (with 24 and 14 
mm occlusion stents) and a femoro-femoral 8mm PTFE crossover bypass (Figure 2). 
 
 
Figure 2 - Intra-operative view of EVAR 
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The option for the mono-iliac endoprosthesis was due to the aneurysmal extension to the 
left common iliac artery and severe tortuosity of the left iliac axis. The postoperative period 
was complicated by an ileus. 
A control CT performed three months later showed no endoleaks and at 9th month it 
revealed a proper sealing and a complete regression of the aneurysm with a good match 
between the endoprosthesis and native arteries (Figure 3). 
 
 
Figure 3 - Aorto-iliac aneurysm control pos EVAR 
 
However, at 18 months the patient started complaining of bilateral intermittent, non-
disabling, buttock claudication for distances of 500 meters, without palpable pulses in the 
lower limbs. A CT revealed occlusion of the endoprosthesis and patency of the femoro-
femoral crossover bypass (Figure 4). After a detailed analysis of the previous CT images it 
was concluded that the aneurysmal regression changed the endoprosthesis conformation 
within the common iliac artery, leading to apposition of its distal end to the arterial wall, a 
fact that may have caused its occlusion. 
In 2009 the patient was admitted to the ER with severe headache and diagnosed with a 
left middle cerebral artery aneurysm, which was surgically treated using a Yasargyl 11 
mm clip. The postoperative period was uneventful. At our last evaluation he still has stable 
non-disabling claudication, without any evidence of aorto-iliac aneurysm in control CT’s. 
 
Figure 4 - Endoprosthesis occlusion 
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Case 2 
56-year-old male, Caucasian, smoker, with hypertension and dyslipidemia. He had 
syphilis infection twenty-three years earlier and two myocardial infarctions in 1999 and 
2004, the last one treated with percutaneous revascularization of the right coronary artery. 
In 2000 he was diagnosed with HIV infection, transmitted through sexual contact, having 
at the time 400.289 RNA copies/ml and 197 CD4 +. HAART was initiated resulting in a 
decrease in RNA counts to less than 50/ml and CD4+ T lymphocytes increase to more 
than 500. In 2007, in a routine abdominal ultrasound, he was diagnosed with 3.6 cm 
diameter AAA, confirmed by CT. He has been followed regularly as an outpatient, 
asymptomatic, with a stabilized aneurysm diameter (Figure 5). 
 
 
Figure 5 - Small and stable aorto-iliac aneurysm 
 
Discussion: 
The occurrence of aneurysms in patients with HIV infection, particularly in the aorta, 
poses several particular questions concerning its etiology, the best form of treatment and 
also ethical considerations. 
Regarding the etiology, they can be secondary to a bacterial or fungal infection of the 
aortic wall or of a pre-existing aneurysm(5,13) as a result of the immunodeficiency. They 
can also be secondary to a leukocytoclastic vasculitis of the peri-adventitial blood vessels’ 
and vasa-vasorum caused by an HIV direct action on the endothelium or by deposition of 
immune-complexes.(2,7,12) Regardless of the etiology, aneurysms associated with HIV 
often involve multiple arteries, most frequently the carotid and femoral vessels and more 
commonly younger patients, the male gender and African ancestry.(6,8) 
The first report of an aneurysm associated with HIV comes from by Sinzobahamvya in 
Zimbabwe(15) and the two largest published series in the literature by Robbs(1) and Botes(9) 
are from South Africa including a total of 111 and 24 patients, respectively. 
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From an ethical point of view, these patients should be offered the best treatment 
available and simultaneously the one that has a less likelihood of HIV transmission to 
surgeons.(5) 
The best therapy is not yet defined. The results of conventional surgery are dismal(11) due 
to a high rate of infectious complications, but they are highly dependent on multiple factors 
such as the CD4+ lymphocyte count, the level of RNA copies, the serum albumin levels 
and type of transmission (drug-addiction, homosexual, heterosexual or other).(3) 
Endovascular treatment, as a less aggressive therapy, with more favorable short-term 
results, may have a particular interest in these patients. As an additional advantage it 
allows a reduction of HIV transmission risk to the surgical team due to a reduced use of 
blades and needles, reduced contact with open surfaces, less blood loss, shorter 
operative time and hospitalization. It is important though, to still take into account general 
measures for contamination prevention. 
As the majority of the AAAs associated with HIV are reported in Africa, where EVAR is 
infrequently performed due to less resources, there cannot be withdrawn any conclusions 
from the literature concerning the utility of this technique, in this group of patients. In our 
experience with these two patients, we could observe in the first case a complete and 
surprising regression of a 10cm aorto-iliac aneurysm nine months after its exclusion, 
which leads us to speculate that associated with the reduction of the circulating virus load 
by HAART, the physical barrier of the endoprosthesis between arterial wall and the virus 
and/or their immune-complexes might have conditioned a reduction of the inflammatory 
process, with a subsequent aneurysm regression. In the second case we can also 
speculate that the maintenance of a low level of circulating copies of HIV RNA by HAART 
could be responsible for the stabilization of the aneurysm diameter. 
 
Conclusions 
The HIV infection continues to progress despite the efforts made for its control. The 
clinical consequences are likely to expand, particularly in the vascular territory, in the form 
of aneurysms, which are late manifestations of the disease. The reported cases allow us 
to speculate on the importance of HAART in reducing the inflammatory process on the 
arterial wall, with a consequent delay in aneurysm growth or even its regression. 
Our option for an endovascular treatment in the first described case was decided after a 
reflection of our group regarding this situation and its related pathophysiology. We have 
obtained a complete regression of a large 10cm aorto-iliac aneurysm, which reinforces the 
possible relevance of EVAR as a first line treatment for this particular pathology. It is 
however necessary to acquire more experience with this technique in this subset of 
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patients and call for publication from centers with larger number of patients with this 
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5.3. EVAR em nonagenários 
 
Expanding the infrarenal aortic aneurysm repair to nonagenarians: the role of EVAR. 
 
R. Machado1, S. Teixeira1, P. Sá Pinto1, R. Almeida1 
1 - Angiology and Vascular Surgery Department, Oporto Hospital Center 
 
Abstract 
Background: Advanced age has been identified as one of the risk factors that negatively affects the 
outcomes of abdominal aortic aneurysm (AAA) repair. Nowadays, the endovascular procedures enable 
vascular surgeons to treat elderly patients who previously cannot be treated with open surgery.  
Objective: We report our experience with endovascular aneurysm repair (EVAR) in nonagenarians. 
Methods: We retrospectively reviewed our prospectively maintained aneurysm database to obtain 
records of all patients with >90 years-old who underwent EVAR, over a 12 years period at our 
institution. Patient comorbidities, functional status, aneurysm size, perioperative complications, 
endoleaks, reinterventions and long-term survival were all recorded. 
Results: Of the 171 EVAR procedures performed, 3 (1.75%) nonagenarians underwent repair (3 male; 
mean age 91.3 ± 1.25 years). Mean aneurysm diameter was 8.2 ± 1.68 cm with a median size of 8.1 
cm (range 6.2-10.3 cm). The average number of comorbidities per patient was 1.7. Technical success 
rate was 100%. Mean length of stay in the hospital was 4.3 ± 0.47 days with a median of 4 days (range 
4-5 days). Thirty day mortality was 0%. Mean follow-up and mean survival were 28 months. There 
were no complications and all the patients returned to independent living at discharge. On the follow-up 
imaging there were no endoleaks identified. 
Conclusions: We have shown, in a small and carefully selected group of nonagenarian patients, that 
EVAR is associated with good outcomes. 
In our opinion, EVAR is the best option for the treatment of AAA in nonagenarians with good functional 
status. 
Keywords: EVAR; abdominal aortic aneurysm; nonagenarians 
 
Resumo 
Contexto: A idade avançada afecta negativamente os resultados do tratamento dos aneurismas da 
aorta abdominal (AAA). Actualmente, os procedimentos endovasculares permitem o tratamento de 
doentes idosos incapazes de suportar uma intervenção cirúrgica por via aberta. 
Objectivo: Apresentar a experiência no tratamento endovascular dos aneurismas da aorta abdominal 
(EVAR) em doentes nonagenários. 
Métodos: Realizou-se uma revisão retrospetiva, na nossa base de dados prospetiva de aneurismas, 
de todos os doentes com idade >90 anos submetidos a EVAR, na nossa instituição, no período de 
dezembro de 2001 a dezembro de 2013. Foram estudadas as comorbilidades dos doentes, o estado 
funcional, o tamanho do aneurisma, as complicações peri-operatórias, as endofugas, as 
reintervenções e a sobrevivência a longo prazo. 
Resultados: Dos 171 EVAR realizados, 3 (1,75%) foram em nonagenários (3 homens; idade média 
91.3±1.25 anos). O diâmetro médio dos aneurismas foi 8.2±1.68 cm e a mediana 8.1 cm (6.2-10.3 cm). 
A média do número de comorbilidades por doente foi 1.7. A taxa de sucesso técnico foi de 100%. A 
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duração média do internamento foi 4.3±0.47 dias e a mediana 4 dias (4-5 dias). A mortalidade aos 30 
dias foi de 0%. Os períodos de seguimento/sobrevivência médios foram de 28 meses. Não se 
verificaram complicações e todos os doentes retornaram ao seu estado funcional prévio. Nos estudos 
imagiológicos de seguimento não foram identificadas endofugas. 
Conclusões: Mostrámos, num pequeno grupo cuidadosamente selecionado de doentes nonagenários, 
que o EVAR se encontra associado a bons resultados. 
Na nossa opinião, o EVAR é a melhor opção para o tratamento dos AAA em nonagenários com um 
bom estado funcional. 
Palavras-chave: EVAR; aneurisma aorta abdominal; nonagenários 
  
Introduction 
Modern medicine enabled the elderly to live longer, healthier and more productive lives 
than ever before.(1) In Portugal as in other developed countries, elderly are one of the 
fastest growing segments of the population. 
Cardiovascular disease is one of the most common causes of morbidity and mortality in 
the elderly population.(2) With increasing life expectancy, the number of nonagenarians 
with abdominal aortic aneurysms (AAA) that potentially need intervention can be expected 
to rise.(3) Advanced age has been identified as one of the risk factors that negatively 
affects the outcomes of AAA repair.(4) 
Nowadays, the endovascular procedures enable vascular surgeons to treat elderly 
patients who previously cannot be treated with open surgery.(5) On last years, several 
studies of abdominal aortic aneurysm repair in nonagenarians have been published.(6-8) 
The less invasive approach to aortic aneurysmal disease has been associated with a 
substantial decrease in mortality and morbidity in this singular group of patients.(9) 
In this work, we sought to analyze the results of endovascular aorto-iliac aneurysm repair 
(EVAR) in a population with more than 90 years, in our institution, over a 12 years period. 
  
Methods 
We retrospectively reviewed our prospectively maintained aneurysm database at Centro 
Hospitalar do Porto – Hospital de Santo António to obtain records of all patients with >90 
years-old who underwent elective AAA repair (EVAR and open repair) over the period 
between December 2001 and December 2013.  
Patient comorbidities, preoperative and postoperative functional status, aneurysm size 
and technical success rate were all recorded in accordance with Society of Vascular 
Surgery reporting guidelines.(10) 
Postoperative variables reviewed included intensive care unit (ICU) length of stay, total 
hospital length of stay, perioperative complications, rate of reintervention, aneurysm 
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related readmission rates, 30-day morbidity and mortality. Follow-up was performed 3 
months, 9 months, and then annually, unless more frequent follow-up was indicated. 
Categorical data were described using absolute numbers and percent. Means (+/- 
standard deviation) and medians were used to analyze continuous variables. 
 
Results 
During the study period, 292 patients had elective infrarenal AAA repair at our institution. 
A total of 171 patients (58.8%) underwent EVAR. Regarding EVAR patients: mean age 
was 74.1 ± 8.9 (range 38-93) years and the mean maximum diameter of the aneurysm 
was 6.2 ± 1.48 (range 2.5-1.06; median 6.0) cm. Mean length of postoperative stay was 
6.3 ± 7.1 days and the overall 30-day mortality was 1.2%. 
We identify 3 nonagenarians (1.75% of total treated patients) that underwent elective AAA 
repair. EVAR was performed on all cases (table 1). All of the patients were male with a 
mean age of 91.3 ± 1.25 years. Mean aneurysm diameter was 8.2 ± 1.68cm with a 
median size of 8.1cm (range 6.2 - 10.3cm). 
 
Table 1 - Individual characteristics 
AAA – Abdominal Aortic Aneurysm ICU – Intensive Care Unit LOS – Lenght of stay 
 
All patients demonstrated good to excellent preoperative functional status, defined as 
living independently and performing all activities of daily living independently, and 
participating in daily exercise regimens. The average number of comorbidities per patient 
was 1.7 (range 1-2) and all patients were American Society of Anesthesiologists class III. 
Concerning technical aspects of the operative interventions, two patients underwent repair 
with a bifurcated device (Endurant; Medtronic AVE) and one patient with an aorto-uni-iliac 
device (Talent; Medtronic AVE) and femoral-femoral bypass. The type of endograft was 
chosen based on surgeon preference and anatomic considerations. All the procedures 
were performed under spinal anesthesia. 
Technical success rate was 100%. All patients stayed 1 day on the ICU. Average length of 
stay in the hospital was 4.3 ± 0.47 days with a median of 4 days (range 4 – 5). Thirty day 
mortality was 0%. Mean follow-up and mean survival were 28 months (range 24-34). One 
patient died at 34 months after EVAR from cardiac causes. 
There were no complications and all the patients (3) returned to independent living at 
discharge. On the follow-up imaging there were no endoleaks identified. 
Patient Age AAA size Device ICU stay LOS Endoleak Reintervention 
1 90 10,3 Medtronic Talent AUI 1 5 None None 
2 93 6,2 Medtronic Endurant 1 4 None None 
3 91 8,1 Medtronic Endurant 1 4 None None 
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Discussion 
Abdominal aortic aneurysms repair remain a significant cause of morbidity and mortality 
among the general population.(11) Over the past decade, technological advances have 
resulted in a shift towards EVAR as a safe and effective alternative to open aneurysm 
repair.(5) 
Several studies with a small number of patients, regarding EVAR in the nonagenarian 
population, have been published in the last years in the literature.(3,5-8,12) Here we report a 
small series of nonagenarian patients undergoing elective EVAR.  
A total of 3 highly selected patients with good functional status underwent EVAR. 
Operative success was 100% and 30-day mortality was 0%. We didn’t registered post-
operative complications or deaths. Complication rates are higher in elderly patients. On 
the literature, local and systemic complication rates, after EVAR and among 
nonagenarians patients, are 8.3 to 22% and 17 to 25%, respectively.(5,13,14) A report by 
Lee et al. documented 40% of morbidity, mainly due to access site complications with the 
use of early generation endografts.(3) 
Tsilimparis et al showed a substantial difference in 30-day post procedure survival of 
patients according to their age. Thirty day mortality in elective AAA repair was 5.5%  for 
nonagenarians (open repair: 18.8%; endovascular: 3.8%)compared with 3.1%  for 
octogenarians (open repair: 7.4%; endovascular: 2.0%), and 2.1%  and 1.1%  for patients 
65 to 79 years (open repair: 3.9%; endovascular: 1.2%) and younger than 65 years (open 
repair: 1.9%; endovascular: 0.5%), respectively. The increased risk of death with 
advanced age persisted when comparing endovascular and open repair.(12) 
In our series we have no endoleaks on the follow-up period. Literature reports an 
incidence of 4.2 to 26% and 11% to 60% for type 1 and type 2 endoleaks, 
respectively.(3,5,13,14) The relatively high type 1 and type 2 endoleak rate described in the 
literature can be explained by the use of older generation devices (in the earlier 
experiences) and by elderly aortic anatomy (tortuous aorta with larger neck sizes and/or 
greater neck angulation).(3,5,8,15) 
Analysis of comorbidities reveals that our patients were healthier when compared with 
patients from previous studies. Our group of nonagenarians had on average 1.7 
comorbidities per patient compared with an average of 2.7, 3.5 or 4.(3,5,13) Goldstein et al. 
showed an inverse relationship between the number of perioperative comorbidities and 
long-term postoperative survival. The relationship was particularly important in patients 
with more than 5 comorbidities.(5) Timaran et al reported a higher in-hospital mortality rate 
among patients with “the most severe comorbidities”.(16) All of our patients had <3 
comorbidities and this may favor the good outcomes of the present series. 
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Other possible contributing factor for the good outcomes presented was the use of loco-
regional anesthesia in all of our patients. Loco-regional anesthesia is the preferable 
technic in the nonagenarians and, in other hand, careful consideration must be given to 
the use of general anesthesia in this group of patients.(5) 
There are several limitations of our study: the small sample with only 3 patients restrict us 
to a descriptive analysis and, as a retrospective study, may occur a sample selection bias, 
because we don’t know the number of nonagenarian patients, with AAA, who were not 
treated. Our cohort compared with published literature (table 2) may represent a 
preselected group healthier and more suitable for EVAR than the overall group of 
nonagenarians presenting with AAA. 
 























Jim et al.13 18 Not reported 3.5. 6.5 5.6 17 20.2 1 year, 58.6% 2 year, 41.7% 
Type I, 5.5% 
Type II, 33% 
Type III, 5.5% 
11 
Goldstein et 
al.5 24 Not reported 4.0 6.3 ± 1.1 4.2 
25 (systemic), 
8.3 (local) 29.7 ± 18 
1 year, 83% 
2 year, 64% 
3 year, 50% 
Type I, 4.2% 
Type II, 12.5% 8.3 
Prenner et 
al.15 24 Nor reported Not Reported 6.83 ± 1 8.3 25 Not reported 
1 year, 83.3% 
5 year, 19.3% 
Type I, 12.5% 





et al.8 24 24/958=2.5 Not Reported 
7.0 (5.0-
10) 0 7.4 Not reported 
1 year, 96.3 ± SE 
4% 
3 year, 60.6 ± SE 
10.4% 
Type I, 3.7% 
Type II, 7.4% 
Type III, 0 
Type IV, 11% 
11 
Lee et al.3 15 15/749=2.0 2.7 6.4 ± 1.45 0 40 56.2 
1 Year, 91.7% 
2 Year, 83.3% 
3 Year, 71.4% 
4 Year, 57.1% 
5 Year, 38.1% 
Type I, 26% 
Type II, 60% 
Type III, 0 
Type IV, 0 
27 
 
New available low profile devices on the market might make EVAR more safety. 
Percutaneous route for EVAR with minimal anesthesia protocols may also contribute for 
better results in elderly patients.  
We have shown, in a small and carefully selected group of nonagenarian patients, that 
EVAR is associated with good outcomes. 
In our opinion, EVAR is the best option for the treatment of AAA in nonagenarians with 
good functional status. 
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Table 1 - Individual characteristics 
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5.4. EVAR e dissecção da aorta abdominal isolada 
 
Endovascular treatment of Isolated Chronic Abdominal Aortic Dissection 
 
R. Machado1, D. Rego1, L. Loureiro1, R. Almeida1 
1 - Angiology and Vascular Surgery Department, Oporto Hospital Center 
 
Abstract 
Isolated acute abdominal aortic dissection is a relatively rare event. Its natural history is not fully 
understood and its optimal treatment is not established. Open surgery represents the most described 
treatment but endovascular intervention has had increasing application. Isolated chronic abdominal 
aortic dissection (ICAAD) is even less described in the literature. We describe three patients with 
ICAAD who underwent endovascular treatment in our institution. Mean age at presentation was 82 
years. Indication for surgical intervention was aneurismal degeneration. Mean aortic diameter at 
presentation was 46,7mm. There was no perioperative mortality or reinterventions. Mean follow-up was 
5.3 years (2-12 years). Late reintervention was needed in one patient, 8 years after initial surgery, due 
to type 1 endoleak. According to our experience, endovascular intervention represents an effective and 
durable treatment option in ICAAD. However, long-term follow-up is mandatory. Furthermore, larger 
studies are still needed to understand this disease and its adequate treatment.  
 
Resumo 
A disseção isolada da aorta abdominal é um evento raro. A sua história natural e tratamento ideal não 
estão totalmente esclarecidos. A intervenção endovascular tem ganho uma preponderância crescente. 
A disseção crónica isolada da aorta abdominal (DCIAA) está ainda menos descrita na literatura. 
Descrevemos três doentes com DCIAA submetidos a tratamento endovascular na nossa instituição. A 
média de idades dos doentes era de 82 anos. A indicação terapêutica foi degeneração aneurismática. 
O diâmetro aórtico médio à apresentação era de 46,7mm. Não houve mortalidade ou reintervenção 
peri-operatória. O seguimento pós-operatório médio foi de 5,3 anos (2-12 anos). Realizou-se 
reintervenção tardia num doente, 8 anos após a cirurgia inicial, por endofuga tipo I. Segundo a nossa 
curta experiência o tratamento endovascular representa uma opção terapêutica eficaz na DCIAA. O 
follow-up alargado é mandatório. São necessários estudos com maiores amostras e follow-up para 
melhor compreender esta patologia. 
Keywords: Aortic dissection, Dissecting aneurysm, Endovascular aneurysm repair, Endoleak 
 
Introduction 
The thoracic aorta is the most commonly involved aortic section when acute aortic 
dissection (AD) occurs. It may also extend to the abdominal aorta.(1) However, acute 
isolated abdominal aortic dissection (IAAD) is a relatively rare event, representing only 1% 
to 4% of the AD cases, with only 18 cases reported in the International Registry of Acute 
Aortic Dissection (IRAD) between 1996 and 2003.(2,3) It can occur spontaneously or in 
association with trauma and surgical procedures (specially endovascular).(4-6) The 
association with atherosclerosis or an iatrogenic etiology is stronger for acute IAAD than 
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for classical Stanford type B AD. Acute IAAD most commonly presents with abdominal 
pain, visceral ischemia (including acute renal failure) and limb ischemia. Mean reported 
age of presentation is 67.7 ± 13.3 years,(2) similar to that of classical type B aortic 
dissection.  
Medically treated chronic dissection tends to progress with aneurysmal degeneration. Due 
to wall weakening induced by chronic dissection, with higher rupture risk, many surgeons 
advise earlier intervention in dissecting aneurysms, usually when they reach a diameter of 
3cm,(1,6,7) 
In result of the scarcity of reported cases, management of IAAD is still a matter of 
controversy. We describe three cases of chronic IAAD who underwent endovascular 
treatment. These cases occurred during a time frame of 10 years and no other cases of 





An asymptomatic abdominal aortic aneurysm was found on duplex ultrasound in a 78-
year-old male with hypertension. CT angiography (CTA) revealed an 85mm fusiform infra-
renal AAA with an associated isolated abdominal aortic dissection (CTA images not 
available). The thoracic aorta had a normal diameter and lumen.  
The patient was considered fit for open surgery but due to his preference endovascular 
treatment was chosen. A bifurcated abdominal aortic Talent endograft (Medtronic 
Vascular, USA) was deployed through a bilateral femoral cutdown. No early, medical or 
surgical, postoperative complications were observed.  
During follow-up a consistent reduction of aortic diameter was observed with a maximum 
aortic diameter at year 7 of 73mm with no endoleaks. During the 8th year post-EVAR the 
patient repeated a CTA which revealed an endoleak (suggestive of type III EL) and growth 
of aneurysm diameter (79,7mm). EVAR was chosen to treat this late complication, intra-
operative angiography revealed a type Ia endoleak which was treated with an aorto-uni-
iliac stent graft (to ensure that a possible associated type III EL would be treated as well) 
and cross-over femoro-femoral bypass. Two early surgical reinterventions were performed 
to drain groin hematomas. At the 12th year of follow-up (four years after reintervention), 
the patient was asymptomatic and CTA showed aneurysm diameter stabilization at 80mm 
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Case 2 
An 83-year-old male presented with an asymptomatic iliac dissecting aneurysm 
discovered on a CT during the follow-up of a urinary bladder adenocarcinoma. Patient 
was an ex-smoker, with stage 3 CKD (glomerular filtration rate of 30-59 mL/min). CTA 
showed an IAAD beginning distal to the inferior mesenteric artery’s (IMA) origin and 
extending to the mid third of the right external iliac artery (EIA) with a right iliac artery 
aneurysm with a maximum diameter of 30mm and a proximal neck length (to the aortic 
bifurcation) of 22mm (figure 1). Distal aortic diameter was 25mm and both the left CIA and 
external iliac arteries measured 15mm in diameter. 
Endovascular treatment was chosen. Through a bilateral open femoral access, an 
Excluder endograft (W.L. Gore & Associates, Flagstaff, Arizona, USA) was implanted and 
extended to the EIA on the right side. No early, medical or surgical, postoperative 
complications were observed. 
During follow-up (33 months), the patient presented a tolerated right gluteal claudication. 




Figure 1 - Chronic IAAD in the distal infra-renal aorta extending to the mid third of the right external iliac artery (EIA) with a 
right iliac artery aneurysm in an 83 year old male 
 
Case 3 
An 85-year-old female, without known cardiovascular risk factors, was diagnosed with a 
saccular aneurysm of the terminal abdominal aorta on DUS. CTA confirmed a 25mm 
saccular aneurysm proximal to the aortic bifurcation in relation to an IAAD originating at 
the IMA level and with a reentry point 15mm proximal to the aortic bifurcation (Figure 2). 
She had a proximal, infra-renal, neck measuring 40mm in length without angulation. The 
maximum aortic diameter was 16mm with 15mm at the bifurcation level; right and left 
CIA’s measured 9mm and 8mm respectively. 
Due to patient’s age and suitable anatomy it was decided to proceed with endovascular 
treatment. Surgical femoral access was obtained to deliver an Endurant II endograft 
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(Medtronic Vascular, USA) iliac limb 20x80mm trimmed down to 70mm length (Figure 3). 
No early, medical or surgical, postoperative complications were observed.  
At 24 months of follow-up the patient was asymptomatic and aneurysm sac shrinkage 
(20mm of maximum diameter) without endoleaks was confirmed on CTA. 
 
 




Figure 3 - Saccular dissecting aortic aneurysm treated with an Endurant II (Medtronic Vascular, USA) iliac limb 20x80mm 
trimmed down to 70mm length 
 
Discussion 
Treatment strategies for acute IAAD include open surgery, endovascular intervention or 
medical treatment. The results from a meta-analysis published by Jonker et al(8) suggest 
that an early aggressive (open or endovascular surgery) may be associated with improved 
survival. However this is a retrospective study with only 19 patients treated with 
endografts, therefore, in our institution, we still manage the AIAAD with medical treatment 
and treat these patients in case of ischemic complications. In the chronic phase we 
perform surgery if they develop an aneurysm (>3cm or saccular morphology). 
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Despite the good historical results described for open surgery,(1,2,6) especially in good risk 
patients, the evolution of endovascular therapies has allowed the effective treatment of 
high operative risk patients with good long-term results.(9) In fact, the excellent results 
obtained by some centers supports endovascular techniques as the first-line treatment all 
patients given the presence of adequate anatomy.(9,10)  
We emphasize the fact that all 3 cases described above were old patients at presentation 
(the younger patient was 78 years-old), older than the mean age reported in most studies 
both for chronic IAAD and classical type B aortic dissection. This fact was also accounted 
for in the choice of an endovascular approach. However, in our institution, age itself isn’t a 
criterion for treatment’s selection; in fact, comorbidities, anatomic criteria and the patient’s 
informed decision play a preponderant role. Despite old age, no early deaths were 
observed and the sole reintervention occurred 8 years after the initial procedure due to a 
late endoleak. This reflects that endovascular treatment is effective in appropriately 
selected patients but also underlines the importance of maintaining long-term clinical and 
imaging follow-up. In our institution patients treated for chronic IAAD enter the same 
follow-up protocol as those treated with endografts for AAA (CTA at 3, 9 months after 
surgery and then yearly). 
In chronic IAAD, due to aortic wall weakening, adequate neck (defined as the normal 
infra-renal aorta above the proximal intimal tear/aneurysm sac) are imperative to allow 
good seal and prevent graft migration (>15mm in length, diameter <28mm and angulation 
<60). 
Case 3 also shows that even in cases with inadequate anatomy for conventional 
abdominal aortic endografts, presenting with small aortic and iliac diameters, modified 
endovascular techniques have the flexibility to provide safe and effective treatment given 
an adequate sealing zone. 
The retrospective nature of this case-series is one of the limitations of this report. The 
small sample also precludes any definitive conclusions. The long time lapse between the 
treated cases can also introduce a bias in the results due to the evolution of better 
endovascular devices and of the surgeons’ endovascular skills. 
 
Conclusion 
Our results show that endovascular treatment for chronic IAAD is feasible, effective and 
durable. However, long-term follow-up is mandatory as late endoleaks may occur. Due to 
its rarity, chronic IAAD is still a relatively understudied pathology and its optimal treatment 
is not well established. Therefore, we consider that further multicentre studies with long-
term follow-ups are necessary; however, these are unlikely to be expected due to the 
rarity of the pathology.  
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Figures 
Figure 1 - Chronic IAAD in the distal infra-renal aorta extending to the mid third of the right external 
iliac artery (EIA) with a right iliac artery aneurysm in an 83 year old male 
Figure 2 - A 25mm saccular aneurysm proximal to the aortic bifurcation in relation to a chronic 
IAAD in an 85 year old female 
Figure 3 - Saccular dissecting aortic aneurysm treated with an Endurant II (Medtronic Vascular, 
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5.5. Uma nova indicação terapêutica para tratamento 
endovascular do AAA 
 
A Spinal Osteophyte as Indication for Treatment of an Infra-renal Aortic Aneurysm 
 
R. Machado1, C. Vaz1, A. Matos1, R. Almeida1 
1 - Angiology and Vascular Surgery Department, Oporto Hospital Center 
 
Introduction: Infra-renal aortic aneurysm rupture is a feared condition, therefore is it important to 
preview potential factors that could lead to it. 
Report: A 59-year-old male with ankylosing spondylitis presented with a 4.6 cm diameter infra-renal 
aortic aneurysm .He had an osteophyte like a harpoon of the third and fourth lumbar vertebra, 
contacting directly with the aneurysm wall. The patient was submitted to an endovascular procedure. 
Discussion: Surgical treatment was mandatory because of the potential high risk of rupture produced 
by the continuous trauma of the aorta against the osteophyte. The authors believe that this case 
reveals a possible new indication for treatment. 
Keywords: Spinal osteophyte, EVAR, Infra-renal aortic aneurysm, EVAR indications, Aneurysm rupture 
  
Introduction 
Infra-renal aortic aneurysm rupture is a feared condition, therefore it is important to 
preview potential factors that could lead to it. Surgical indications are well established; 
however, we are continually confronted with new clinical situations for which there is no 
defined treatment option. 
 
Report 
The case reports a 59-year-old male with an asymptomatic infra-renal aortic aneurism. He 
had a previous history of ankylosing spondylitis, hypertension, dyslipidemia, atrial 
fibrillation, and smoking, and was medicated with simvastatin, carvedilol, allopurinol, 
perindopril, and acenocoumarol. 
The initial aneurysm diameter on the ultrasound examination was 5.7 cm and further 
investigation was necessary. A computed tomography (CT) scan was performed revealing 
a 4.6 cm diameter AAA with 2.6 cm aortic neck, and showing two osteophytes of the 
anterior vertebral body of L3 and L4 with morphology similar to a harpoon, directly 
contacting the posterior wall of the aneurysm (Figures 1 and 2). 
The cardiac study revealed the presence of mild to moderate aortic insufficiency and an 
inter-auricular communication with left-right shunt through a patent foramen ovale, with 
good biventricular function. In this clinical context, the treatment choice was an 
endovascular aneurysm repair (EVAR) procedure with an aortobiliac endoprosthesis 
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(Excluder e Gore) .The postoperative period progressed uneventfully, and at one year 
follow-up the patient remains asymptomatic. 
 
 
Figure 1 - Computed tomography image reconstruction showing L3 and L4 osteophytes directly contacting the posterior 
wall of aortic aneurysm 
 
 




Indications for surgical treatment of infra-renal aortic aneurysms depend on the patient’s 
surgical risk as well as overall anatomic conditions for the endoprosthesis deployment. 
The endovascular option has been steadily gaining adherents because it is a less 
aggressive procedure, with inferior hospitalization time and lower short-term mortality 
rates. 
The consensual option for a patient with a 4.6 cm asymptomatic aneurysm with an 
increased operative risk would be ultrasound follow-up every six months; however, the 
presence of a harpoon-like osteophyte producing direct trauma because of aneurysm 
pulsatility and expansion with consequent risk of wall necrosis and rupture, made surgical 
treatment mandatory, it being reasonable to assume that rupture was a potential risk. The 
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option for a prompt repair was mainly the young age of the patient. The decision to place 
an endovascular aortobiliac endoprosthesis (Excluder and Gore) was made because of 
patient co-morbidities associated with chronic hipocoagulation increasing the risk of 
conventional surgery for the aneurysm treatment and correction of the osteophytes. The 
endovascular treatment was uneventful, the postoperative control CT revealed thrombosis 
of the aneurysm sac. Although endovascular treatment did not exclude the direct contact 
of the aneurysm with the two osteophytes, aneurysm expansiveness and pulsatility was 
reduced to minimize trauma. In case of rupture, the lack of endoleaks and complete 
thrombosis of the aneurism sac will produce a minor clinical situation. There are no 
reports of surgical treatment to avoid a potential traumatic aneurism rupture induced by 
osteophytes in the literature. There are two reports of aortic pseudoaneurysms secondary 
to osteophytes, one spontaneous and the other associated with trauma by a traffic 
accident.(1,2) The aortic injury was caused by constant pressure on the aortic wall leading 
to ischemia followed by necrosis and subsequent rupture of the aorta. A similar 
mechanism has been reported in patients with hereditary exostoses and solitary 
chondromas with perforation of other arteries.(3) To our knowledge, this is the first case of 
surgical treatment of an aortic aneurysm to prevent traumatic injury induced by a harpoon-
like osteophyte. We may be facing a new indication for surgical treatment of aortic 
aneurysms regardless of their diameter. 
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Figures 
Figure 1 - Computed tomography image reconstruction showing L3 and L4 osteophytes directly 
contacting the posterior wall of aortic aneurysm 





1. Dregelid E, Jenssen G, Jonung T, Braaten A. Pseudoaneurysm of the abdominal aorta due to a 
needle e like osteophyte on the first lumbar vertebra. J Vasc Surg 2007;45:1059e61. 
2. Chtata H, Koskas F, Cluzel P, Kieffer E. Traumatic pseudoaneur-ysm of the descending 
throracic aorta inflicted by a spinal osteophyte. Ann Vasc Surg 2005;19:263e6. 
3. Bursztyn M, Stracher M, Sanchez JI, Ramenofsky M, Kirwin J, Spero C. Pseudoaneurysm 










Página | 201 
6. Conclusões 
 
1. Casuística Clínica dos doentes tratados por EVAR 
Na análise da casuística clínica dos doentes tratados por EVAR, observou-se que o 
aneurisma da aorta ocorre numa população de doentes idosa, predominantemente do 
sexo masculino (94,2%), com uma idade média de 74,1 anos, sendo, no sexo masculino, 
de 73,8 anos e, no sexo feminino, de 79,8 anos, com 29,7% dos doentes tratados com 
idade superior a 80 anos, com uma grande prevalência de factores de risco de 
aterosclerose e doenças associadas. 
Em relação à função eréctil, 45,6% dos doentes tinha disfunção eréctil pré-EVAR, sendo 
a idade média, nesses doentes, de 75,5 anos e, nos doentes com função eréctil 
preservada, de 70,7 anos. 
Na análise da classificação ASA, o tipo mais frequentemente observado foi a 
classificação ASA III, representando 71% dos doentes tratados. 
A indicação para a realização do EVAR foi, em 83,2% dos casos, um risco clínico ou 
anatómico elevado. 
Quanto à etiologia aneurismática, os aneurismas degenerativos representaram 92,9% do 
total de doentes tratados, com 65,5% dos aneurismas envolvendo apenas a aorta infra-
renal, sendo a associação de aneurismas da artéria ilíaca interna de 10,2%. O diâmetro 
médio do aneurisma aórtico foi de 62,4mm, sendo que 53,4% dos aneurismas tinha 
diâmetro superior a 60mm; o comprimento médio do colo foi de 23mm com 9,6% dos 
casos com colo inferior a 10mm; o diâmetro médio do colo foi de 22,5mm com 4,7% dos 
casos com diâmetro superior a 28mm, a forma do colo não cilíndrica ocorreu em 35,7% 
dos casos, a calcificação envolvia mais de 50% do perímetro do colo aneurismático, em 
14,8% dos casos, o trombo envolvia mais de 50% do seu perímetro em 14,8% dos casos, 
a angulação do colo foi superior a 50º em 34,6% dos casos, o diâmetro médio da artéria 
ilíaca comum direita foi de 17,5mm com 26,2% dos casos com diâmetro superior a 20mm 
e o diâmetro da artéria ilíaca comum esquerda foi de 16,1mm com 17,6% com diâmetro 
superior a 20mm, a tortuosidade ilíaca foi considerada grande, em 25,5% dos casos, as 
artérias ilíacas internas estavam permeáveis, em 92,1% dos casos, e o diâmetro médio 
da artéria ilíaca externa direita foi de 8,7mm e da artéria ilíaca externa esquerda de 
8,5mm. 
A análise da associação de factores de risco anatómico para a realização do EVAR, 
definidos como comprimento do colo inferior a 10mm, diâmetro superior a 28mm, 
angulação do colo superior a 50º, calcificação do colo superior a 50% do seu perímetro, 
trombo do colo superior a 50% do seu perímetro, colo não cilíndrico, diâmetro das 
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artérias ilíacas comuns superior a 20mm e grande tortuosidade ilíaca, observámos que, 
em 49,4% dos casos, não existia nenhum factor de risco, existia 1 factor de risco em 
30,6%, existiam 2 factores de risco em 12,5%, existiam 3 factores de risco em 5,6%, 
existiam 4 factores de risco em 1,3% e existiam 5 factores de risco em 0,6% dos casos. 
O tipo de anestesia mais realizado foi a loco-regional, em 60,9% dos doentes, a 
exposição a radiação e o tempo de fluoroscopia médio foram de 4,8 mGym2 e 21,8mn, o 
tempo cirúrgico médio foi de 102,7mn e o tempo de internamento médio foi de 6,3 dias. A 
taxa de complicações intra-operatórias foi de 23,4%, a taxa de complicações aos 30 dias 
foi de 10,8%, a taxa de re-intervenção aos 30 dias foi de 4,1%. 
Ao longo do seguimento, 59,4% dos doentes nunca desenvolveram um endoleak, 24,8% 
desenvolveram um endoleak tipo II, 6,1% desenvolveram um endoleak tipo II associado a 
um endoleak tipo I ou III, e 9,7% desenvolveram um endoleak tipo I ou III. A taxa de re-
intervenção cirúrgica tardia foi de 12,3%, e 89,2% dos doentes teve uma diminuição do 
diâmetro do saco aneurismático. 
Como factores prognósticos do EVAR, observou-se que o desenvolvimento de endoleak 
tipo I ou III esteve associado ao diâmetro aneurismático inicial, à angulação do colo 
aneurismático superior a 50º, à grande tortuosidade da artérias ilíacas, à associação de 
dois ou mais factores de risco anatómico para a realização de EVAR e ao tipo de 
endoprótese implantada na sua componente individual e no tipo de fixação proximal. 
Em relação à re-intervenção cirúrgica, foi observado que esta esteve associada ao 
diâmetro aneurismático inicial, à angulação do colo superior a 50º, à grande tortuosidade 
ilíaca e ao diâmetro da artéria ilíaca comum esquerda superior a 20mm. 




2. EVAR e idade  
O EVAR é consensualmente aceite como o tratamento de eleição para o AAA, em 
doentes considerados de alto risco cirúrgico (frequentemente doentes idosos) ou com 
abdómen hostil, desde que possuam características anatómicas adequadas. Os bons 
resultados a curto prazo publicados, com menor mortalidade, menor morbilidade, menor 
consumo de derivados sanguíneos e menor tempo de internamento, levaram à extensão 
desta indicação terapêutica a doentes mais jovens ou de baixo risco cirúrgico e também a 
doentes com condições anatómicas menos adequadas. 
Contudo, é também comum a aceitação de que a taxa de re-intervenções é superior no 
EVAR, em relação à cirurgia convencional e de que, por vezes, apesar de um tratamento 
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inicial de sucesso, há crescimento do saco e rotura aneurismática e, portanto, falência do 
EVAR. 
Tem sido observado um aumento significativo do número de doentes tratados de AAA por 
EVAR (87), sendo este aumento também observado no grupo de doentes jovens, embora 
de forma menos pronunciada. (158) Assim, um factor importante na escolha do tipo de 
tratamento é a sobrevida esperada do doente e a segurança e durabilidade do EVAR, 
não só a curto, como também a longo prazo.  
Em termos de sobrevida aos 5 anos, é referida uma taxa de sobrevida nos doentes 
tratados de AAA inferior à da população geral ajustada pela idade e sexo. (175) (176) 
Altaf N. et al (177) referem que, independentemente da técnica utilizada no tratamento do 
AAA no paciente jovem, a mortalidade aos 6 anos é de 40%, sendo que a maioria dos 
doentes morre de causa diferente do AAA. Esta observação havia sido constatada no 
rastreio de Gloucestershire, (178) onde se refere que a mortalidade dos doentes com 
pequenos aneurismas (diâmetro entre 4 cm e 5,4 cm), aos 10 anos, foi de 58%, portanto 
acima da mortalidade de uma população análoga sem AAA. 
Assim, o AAA pode ser um factor de risco de mortalidade precoce, condicionando uma 
esperança de vida inferior à da população geral. 
Outro factor a ter em consideração é a durabilidade e segurança do procedimento a longo 
prazo. Os estudos prospectivos randomizados EVAR 1, DREAM e ACE, mostraram uma 
taxa de re-intervenção cirúrgica superior no EVAR em relação à cirurgia convencional, 
enquanto o estudo OVER mostrou uma taxa de re-intervenção semelhante. Contudo, a 
indicação para realizar o EVAR, em doentes jovens, pode ser questionada quando se 
refere uma taxa de crescimento do saco aneurismático de 41%, aos cinco anos. (179) 
Outros factores que possam estar associados à idade são também importantes na 
escolha terapêutica do AAA. Assim, a obesidade parece ser um factor de risco cirúrgico 
que preferencialmente favorece o EVAR, podendo este ser a primeira opção no doente 
obeso. (180) O risco de disfunção eréctil, após o tratamento do AAA, poderá ser também um 
factor importante na escolha do tratamento, sendo referido que este é superior na cirurgia 
convencional. (181) 
A opinião do doente é outro factor de importância crescente, na escolha terapêutica, 
sendo o risco de morte e a falência orgânica os factores mais valorizados pelo doente e, 
os menos valorizados, o tipo de incisão e a exposição a radiação. (159) A recuperação para 
uma vida activa precocemente, poderá ser também um factor relevante associado à 
idade, pelo impacto económico, familiar e social a que a doença condiciona o doente 
jovem. Assim, a indicação terapêutica no AAA, em relação à idade, mantém-se 
questionável. (182) (183) No estudo por nós realizado, comparando as características clínicas, 
aneurismáticas, resultados obtidos e a sobrevida, em três grupos etários (<70 anos, 70-
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80 anos e >80 anos), observámos apenas diferenças estatisticamente significativas em 
relação aos parâmetros clínicos, obesidade – IMC >30Kg/m2, função eréctil e a 
preferência do doente pelo tipo de tratamento, todas mais  frequentes no grupo com 
idade inferior a 70 anos. A ausência de diferença estatisticamente significativa na 
sobrevida entre estes grupos etários, associada a resultados e taxas de re-intervenção 
cirúrgica semelhantes ou mesmos favoráveis no grupo mais jovem, levou-nos a concluir 
que a idade por si não deve ser um factor relevante na escolha do EVAR como 
terapêutica, podendo mesmo ser um factor de escolha preferencial, se o doente jovem for 
obeso ou tiver a função sexual preservada. 
Em termos de custos, não foram observadas diferenças significativas associadas à idade. 
 
 
3. EVAR e o sexo 
Os aneurismas da aorta têm uma menor prevalência na população feminina, mas estão 
associados a uma maior taxa de complicações. Na avaliação do aneurisma da aorta na 
mulher, deve ser tido em consideração a sua maior sobrevida e diferente fisiologia. No 
período pré-menopausa, existe uma maior protecção cardiovascular devido ao efeito 
hormonal, protecção que é perdida posteriormente e que se associa, nesse período, a 
uma maior incidência de doença cardiovascular quando comparada com o homem. 
A prevalência do AAA na mulher pode estar subavaliada, já que, se o critério de 
diagnóstico do AAA mudar de 3cm de diâmetro para 1,5 vezes o diâmetro da aorta infra-
renal normal, então a prevalência do aneurisma da aorta, no grupo etário 65-75 anos, no 
homem baixa de 16,9% para 12,9%, e na mulher sobe de 3,5 para 9,8%. (184) 
A taxa de crescimento aneurismático é também superior na mulher, quando comparada 
com a do homem (3,67 mm/ano e 2,03 mm/ano). (185) O estudo UKSAT demonstrou um 
risco de rotura na mulher quatro vezes superior ao do homem, e que essa rotura ocorre 
com diâmetros aneurismáticos inferiores (5,0 ±0,8cm na mulher e 6,0 ±1,4cm no homem). 
Como a prevalência dos aneurismas na mulher é baixa, as indicações terapêuticas e os 
resultados terapêuticos foram extrapolados de estudos, em que o número de mulheres 
tratadas era baixo. 
Nos dois estudos realizados, para definir a indicação terapêutica do AAA, (186) (187) verificou-
se que o benefício terapêutico existia para diâmetros aneurismáticos superiores a 5,5 cm. 
O critério para tratamento definido, foi igual para os dois sexos, bem como o critério de 
diagnóstico de aneurisma aórtico (3cm de diâmetro), embora estas conclusões sejam 
baseadas em percentuais de doentes femininos muito baixos, 27% (188 mulheres − UK 
SAT) e 0,8% (7 mulheres − ADAM trial
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resultados obtidos no homem podem ser extrapolados para a mulher, já que 
características como a altura, a superfície corporal e o peso são diferentes. 
Nos cinco estudos prospectivos randomizados (EVAR 1, DREAM, OVER, ACE e EVAR 
2), que compararam os resultados do tratamento por cirurgia convencional e EVAR e que 
servem de referência terapêutica, o número de mulheres tratadas no grupo submetido a 
EVAR foi de 55 mulheres (9%), 16 mulheres (7%), 6 mulheres (0,7%), 0 mulheres (0%) e 
25 mulheres (23,2%), respectivamente, questionando-se, dessa forma, se os resultados 
obtidos no homem podem ser extrapolados para a mulher. 
Há também evidência que o EVAR possa ser realizado menos frequentemente nas 
mulheres com AAA do que nos homens, sugerindo que estas diferenças seriam devidas a 
uma pior anatomia aneurismática na mulher e que a mortalidade aos 30 dias do 
tratamento do AAA electivo e, em rotura, seria superior na mulher. (188) (124) Uma meta-
análise realizada, em 2010, revelou que a mortalidade do tratamento electivo foi superior 
na mulher, comparativamente com o homem, sendo na cirurgia convencional de 7,6% e 
5,1%, e no EVAR de 2,9% e 1,5%, respectivamente. (189) 
Uma revisão da literatura recente tentou identificar as diferenças entre os sexos, referindo 
que, embora os determinantes fisiopatológicos responsáveis pela diferença de 
prevalência do AAA, entre homens e mulheres, não sejam conhecidos, existem factores 
que estão relacionados com o sexo. É sugerido ser razoável realizar o rastreio a 
mulheres com idade superior a 65 anos, que possuam história de tabagismo ou história 
familiar de AAA e que as mulheres são menos submetidas a tratamento do AAA 
(endovascular, cirurgia convencional e a tratamento emergente), em relação aos homens. 
Os resultados publicados do tratamento do AAA na mulher são variáveis, com estudos a 
referir que os resultados a curto e médio prazo são semelhantes entre homens e 
mulheres, (190) com estudos associando o sexo feminino a uma maior taxa de complicações 
e de re-intervenções cirúrgicas, mas não a uma maior mortalidade (191) e outros associando 
as mulheres a uma maior idade, menos doença cardíaca, colos mais curtos e mais 
angulados, menor associação a aneurismas ilíacos, necessidade de mais procedimentos 
arteriais associados, um maior número de complicações intra-operatórias, um maior 
tempo de internamento e uma maior taxa de endoleaks, referindo, contudo, que a 
mortalidade peri-operatória, a taxa de sobrevida global relacionada com o aneurisma e a 
taxa de re-intervenções arteriais são semelhantes. (192) 
Assim, é necessária uma maior investigação relacionada com o sexo, para que se possa 
fornecer os melhores cuidados terapêuticos a todos os doentes. No estudo por nós 
realizado, comparando as características clínicas, aneurismáticas, resultados obtidos e a 
sobrevida entre o sexo masculino e feminino, observámos que o tipo de tratamento 
realizado, EVAR ou cirurgia convencional, foi semelhante nos dois sexos. Em relação às 
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características clínicas com significância estatística, na comparação entre os sexos, 
observámos que a população feminina era mais idosa quando realizou o tratamento do 
AAA, tinha menos doença cardíaca isquémica e doença vascular neurológica. Observou-
se uma menor prevalência de hipertensão arterial e menor associação de factores de 
risco de aterosclerose, embora nestes casos se tenha observado apenas um valor 
próximo da significância estatística. Em relação às características aneurismáticas, 
observou-se uma relação com significância estatística, em relação à angulação do colo 
aneurismático superior a 70º e uma associação próxima da significância estatística com a 
presença de aneurismas da artéria ilíaca interna. Em termos de resultados e de sobrevida, 
não foi observada diferença entre os sexos. 
 
 
4. EVAR e radiação 
O tratamento endovascular dos aneurismas aórticos expõe os pacientes e a equipa 
cirúrgica a radiação ionizante, com o consequente risco de lesão tecidular directa e de 
indução de mutações genéticas. 
A importância, o número e a complexidade da terapêutica endovascular tem aumentado 
com o tempo. Como consequência desta mudança terapêutica, os cirurgiões vasculares 
são frequentemente envolvidos em procedimentos que requerem altas doses de radiação 
para a realização do EVAR, o que expõe os pacientes e a equipa a riscos potenciais. 
No EVAR, além da exposição a radiação durante o procedimento terapêutico, há ainda a 
exposição resultante do estudo pré-operatório e pós-operatório, através da realização de 
tomografias computorizadas. Está descrita a associação da exposição à radiação com a 
morte e doença oncológica. (193) A radiação pode induzir uma lesão celular directa, 
conhecida como efeito determinístico quando a dose de radiação ultrapassa determinado 
nível, (194) (195) (196) (197) (198) podendo este efeito ser potenciado por comorbilidades como a 
diabetes mellitus, doenças do tecido conjuntivo (Lupus eritematoso sistémico, 
esclerodermia), quimioterapia e a exposição prévia a radiação. 
A radiação pode ainda provocar lesão através da indução de uma mutação genética, e 
consequente desenvolvimento neoplásico, conhecido como efeito estocástico. O risco de 
indução neoplásica aumenta com o nível cumulativo de exposição, mas pode ocorrer com 
qualquer nível de exposição, não havendo assim um nível mínimo no qual a lesão não 
ocorre e a severidade do efeito é independente da dose.  
Os principais factores publicados associados ao risco de malignidade induzida pela 
radiação no EVAR foram a idade jovem e a angulação do colo aneurismática, esta última 
pela dificuldade associada à implantação da endoprótese. (199) No aneurisma da aorta, a 
sua ocorrência em doentes idosos com uma sobrevida diminuída, o risco da radiação 
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induzir malignidade é provavelmente de pouca importância. Contudo, no doente jovem 
que, além da exposição do procedimento, vai ter um seguimento para toda a vida com 
tomografias computoriadas, este risco pode ser substancial e deve ser discutido com o 
doente, bem como as possíveis alternativas terapêuticas. (183) 
Tendo em consideração o efeito deletério da radiação descrito anteriormente, a directiva 
EURATOM 97/43 determina a necessidade de protecção individual à exposição a 
radiação, a necessidade do registo dessa exposição em todos os procedimentos, e que 
os doentes devem ser informados sobre os riscos dessa mesma exposição. A exposição 
a radiação é contudo necessária, e aceite na prática cirúrgica actual, sendo contudo 
referido que o treino no uso e protecção da radiação está abaixo do ideal, particularmente 
entre os cirurgiões. (200) (201) 
O National Council on Radiation Protection and Measurement dos EUA, definiu o 
princípio As Low as Reasonably Achievable (ALARA, 1990), sendo desta forma 
necessário estabelecer estratégias que limitem o uso de radiação e que passam por 
evitar a angiografia de subtracção, evitar a magnificação da imagem, reduzir a aquisição 
de imagens, promover o uso de colimação apropriada e o controlo da emissão da 
radiação ser efectuado pelo operador. (202) (203) 
Este capítulo teve como objectivo avaliar a nossa experiência ao nível da exposição do 
doente a radiação, no EVAR, e os seus factores potenciadores, de forma a poder 
compará-la com outros centros, definir um programa de minimização dessa exposição e 
poder fornecer aos doentes uma informação adequada. 
No estudo por nós realizado, avaliando a dose de exposição a radiação e o tempo de 
fluoroscopia e a sua relação com características clínicas e aneurismáticas, observámos 
que a dose média de exposição a radiação é elevada, que está associada ao IMC, e que 
são seus factores potenciadores a morfologia aneurismática aorto-bi-ilíaca, o diâmetro 
aneurismático superior a 60mm, o diâmetro do colo superior a 28mm, a angulação do 
colo superior a 50º, o diâmetro das artérias ilíacas comuns superior a 20 mm e a 
associação de dois ou mais factores de risco anatómico para a realização do EVAR. 
Numa análise, utilizando modelos de regressão múltiplos, observou-se que 40% da 
radiação estava associada ao IMC, angulação do colo aneurismático, diâmetro do colo 
aneurismático, diâmetro do aneurisma e tipo morfológico do aneurisma. 
O nível de exposição a radiação expectável deve ser tido em consideração na proposta 
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5. EVAR, o tipo de anestesia utilizada e a classificação ASA 
O tratamento endovascular do aneurisma da aorta pode oferecer um elevado número de 
vantagens sobre o tratamento cirúrgico convencional. Uma dessas vantagens pode ser a 
escolha do tipo de anestesia utilizada, que pode variar entre a anestesia geral, loco-
regional e local, em oposição à cirurgia convencional onde a anestesia geral é obrigatória. 
Em termos globais, a anestesia local e loco-regional têm como vantagens uma maior 
estabilidade hemodinâmica, uma menor necessidade de administração de fluídos 
endovenosos, uma menor utilização de agentes inotrópicos e agentes vasopressores, 
uma interferência mínima na mecânica ventilatória e uma maior facilidade de detectar 
precocemente complicações, já que o doente está acordado. Como desvantagens, 
refere-se um maior incómodo ou desconforto com o decúbito supino em procedimentos 
prolongados, a possibilidade de ter de ser convertida para anestesia geral, se houver 
uma complicação grave, e a necessidade de colaboração do doente em momentos 
críticos de libertação da endoprótese. (204) 
A anestesia geral tem como vantagens um melhor controlo da via aérea, um melhor 
manejo de complicações (rotura do AAA, rotura dos vasos de acesso ou cobertura de 
vasos major), uma melhor tolerância à posição supina, uma redução do movimento 
durante as fases críticas, uma maior facilidade de colocar linhas invasivas e uma maior 
facilidade de transfusão em caso de necessidade. Como desvantagens, refere-se um 
maior número de episódios de hipotensão, uma maior necessidade de administração de 
fluídos endovenosos e drogas vasopressoras e uma maior necessidade de recurso a 
unidade de cuidados intensivos (UCI). (204) 
Vários estudos compararam a anestesia local, anestesia loco-regional e a anestesia geral, 
referindo que a anestesia local é uma técnica segura no EVAR, oferecendo várias 
vantagens como a simplicidade, a estabilidade hemodinâmica, um menor consumo de 
derivados sanguíneos, uma menor percentagem de internamento em UCI, um menor 
tempo de internamento, embora sem diferença na mortalidade. (205) (206) (207) Alguns estudos 
referem uma menor incidência de complicações cardíacas, renais e da ferida operatória 
com o uso da anestesia local. (208) 
O maior estudo prospectivo multicêntrico sobre o tipo de anestesia utilizado no EVAR, 
incluído no registo EUROSTAR, não encontrou diferenças em relação à mortalidade, mas 
refere um menor tempo operatório, um menor tempo em UCI e um menor tempo de 
internamento nos doentes submetidos a anestesia local, em relação à anestesia loco-
regional, nos doentes submetidos a anestesia local comparada com a anestesia geral e 
nos doentes submetidos a anestesia loco-regional comparada com a anestesia geral, 
referindo também uma maior taxa de complicações cardíacas nos doentes submetidos a 
anestesia geral comparada com a anestesia loco-regional e local. (209) Numa publicação 
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posterior, este mesmo grupo, refere que os doentes de alto risco submetidos a anestesia 
local e loco-regional têm uma menor morbilidade, menor mortalidade, menor taxa de 
complicações sistémicas e menor tempo de recuperação, encorajando o uso destas 
técnicas anestésicas nos doentes de alto risco. (210) 
Em termos globais, a anestesia local e loco-regional poderão estar associadas a 
melhores resultados pós-operatórios, através da redução do uso de unidade de cuidados 
intensivos, a menor morbilidade, a menor mortalidade e a menor tempo de internamento. 
(211)
 
A demonstração de que o EVAR percutâneo é seguro, efectivo e não inferior à 
abordagem cirúrgica da artéria femoral em operadores treinados, pode vir a promover o 
uso da anestesia local e beneficiar das suas vantagens. (212) 
Em última análise, a escolha da técnica anestésica vai depender de múltiplos factores, 
como sejam o planeamento cirúrgico (abordagem ilíaca/femoral, abordagem percutânea 
ou cirúrgica), das características clínicas do doente (doente hipocoagulado, doente 
insuficiente respiratório grave, cirurgia inguinal prévia, obesidade), da experiência da 
equipa e da preferência do doente.  
No estudo por nós efectuado, compararam-se as técnicas anestésicas utilizadas e a 
classificação ASA dos doentes, com as suas características clínicas e aneurismáticas, os 
resultados obtidos e a sua sobrevida. Observou-se que a classificação ASA é um preditor 
da sobrevida, com os doentes ASA IV, tendo uma pior sobrevida, estando este grupo de 
doentes associado a aneurismas com diâmetro superior a 60mm, a uma maior 
necessidade de transfusão sanguínea, a um maior tempo anestésico e a um maior tempo 
de internamento. Observou-se também que este grupo de doentes está associado a um 
maior custo do procedimento. Quanto à técnica anestésica, a anestesia geral foi mais 
utilizada em doentes classificados como ASA IV e em doentes hipocoagulados, e a 
anestesia local em doentes com doença cardíaca isquémica e insuficiência cardíaca. 
 A anestesia loco-regional foi a técnica mais utilizada, estando associada a uma menor 
ocupação de sala operatória, menor tempo de internamento e uma diminuição da taxa de 
transfusão de concentrado de glóbulos rubros. 
 
 
6. EVAR e qualidade de vida  
A avaliação da qualidade de uma terapêutica médica, em particular de uma cirurgia, deve 
ser efectuada avaliando a estrutura, o processo, os resultados e a perspectiva individual 
do doente. 
Assim, o cirurgião está normalmente envolvido na avaliação da estrutura, do processo e 
dos resultados cirúrgicos em termos de morbi-mortalidade. Os providenciadores dos 
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cuidados de saúde (sistema de saúde) estão normalmente envolvidos na avaliação do 
custo-eficácia da terapêutica. Contudo, esta avaliação é manifestamente insuficiente no 
tempo actual. A perspectiva do doente sobre a repercussão de uma qualquer terapêutica 
na sua actividade normal, a que chamamos qualidade de vida, assume particular 
importância. A qualidade de vida abrange, essencialmente, a importância relativa de 
todas as sequelas relacionadas com a intervenção e a forma como elas são percebidas 
individualmente pelo doente. (213) 
O envolvimento do doente bem informado, no processo de decisão terapêutica, justifica a 
importância crescente da avaliação da qualidade de vida em varias áreas da medicina, 
em particular na incorporação das novas formas terapêuticas em cirurgia vascular, 
nomeadamente o EVAR. 
Existem diferentes modelos de avaliação da qualidade de vida, de que destacamos o 
questionário SF-36v2, pela sua vasta aplicabilidade, e cuja metodologia tem sido aplicada 
com sucesso em vários estudos. Este modelo pode ajudar o cirurgião a avaliar a 
percepção do doente, em relação à sua saúde e bem-estar, (214) (215) e a sua utilização tem 
sido promovida pelo American College of Surgeons, na população cirúrgica (216) (217) e foi 
validado para pacientes com doença vascular. (218) O ajuste estatístico para a idade e 
género possibilita a extrapolação de dados para populações standard de controlo, 
permitindo uma noção razoável da variabilidade em termos de qualidade de vida que 
pode ser esperada segundo o segmento demográfico respectivo. (219) (220) 
Sabe-se que a detecção de um aneurisma da aorta por rastreio tem um pequeno efeito 
negativo na qualidade de vida do paciente, efeito que é revertido com o tratamento 
cirúrgico. (221) 
Os benefícios a curto prazo do EVAR sobre a cirurgia convencional, em termos de 
morbilidade, mortalidade, tempos de internamento, consumo de derivados sanguíneos e 
tempo cirúrgico, são hoje aceites unanimemente, como foi demonstrado por vários 
estudos prospectivos randomizados. (164) (166) (168) Contudo, este benefício é perdido na análise 
a médio ou longo prazo, quando as taxas de sobrevivência se equivalem, como foi 
demonstrado nos resultados a longo prazo dos estudos prospectivos randomizados, 
anteriormente referidos. (165) (167) (169)  
De uma forma global, os valores de qualidade de vida retornam a valores normais 
independentemente da modalidade terapêutica realizada, embora os doentes submetidos 
a EVAR retomem as condições pré-cirúrgicas mais cedo e, usualmente, um ano após a 
intervenção, as pontuações retomam os valores pré-operatórios. (222) (223) 
Numa revisão da literatura, analisando 23 estudos sobre a qualidade de vida, estado de 
saúde e bem-estar de doentes tratados de AAA, (202) nenhum estudo encontrou diferenças 
no estado de saúde global pré operatoriamente, entre pacientes submetidos a cirurgia 
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convencional e EVAR, mas havia discrepâncias em relação ao estado de saúde dos 
doentes com AAA e o da população geral, referindo Mangione et al (224) valores para a 
saúde mental e o desempenho físico inferiores nos doentes com AAA, contrariando 
Aquino RV et al (225) que referem um melhor estado de saúde nos doentes com AAA, em 
relação à população geral. 
Em relação à afectação do estado de saúde, a longo prazo, a maioria dos estudos não 
encontrou diferenças significativas, entre a cirurgia convencional e o EVAR. Contudo, 
alguns estudos mostram o retorno às pontuações de base às 8 semanas, (225) (226) enquanto 
outros mostram ainda valores mais baixos um ano pós-cirurgia mas com valores 
significativamente superiores nos doentes submetidos a cirurgia convencional, em 
relação aos submetidos a EVAR. (166) 
A idade é um factor importante na avaliação da qualidade de vida, já que os octogenários 
são mais difíceis de tratar, têm uma maior incidência de complicações e a sua 
recuperação leva mais tempo que o esperado, experimentando ao 1 ano, ainda 
problemas de mobilidade, de auto-cuidado, de retorno à actividade habitual e em relação 
com a percepção de dor/desconforto. (227) 
Numa meta-análise publicada em 2015, envolvendo cinco estudos randomizados, é 
referido que o EVAR está associado a uma melhor qualidade de vida, em alguns 
domínios, até aos 12 meses, faltando dados para demonstrar vantagens depois desse 
período. Estas observações são compatíveis com a análise de outras terapêuticas, que 
comparam a cirurgia convencional e cirurgias minimamente invasivas endoscópicas, 
como a colectomia, a histerectomia e a nefrectomia, não sendo observada uma melhoria 
da qualidade de vida a longo prazo. (228) 
Este estudo analisou a qualidade de vida de doentes submetidos a tratamento electivo 
endovascular do AAA, em relação ao seu estado inicial e também ao seu estado actual 
comparando-a com uma população controlo. Este foi um aspecto relevante, já que os 
estudos existentes sobre qualidade de vida foram essencialmente realizados em 
comparação com a cirurgia convencional. Esta comparação pode ser lógica em estudos 
prospectivos randomizados em doentes com condições para realizar o EVAR ou a 
cirurgia convencional, contudo, quando a opção terapêutica é efectuada pelas 
características clínicas e anatómicas do doente, criamos duas populações com 
características diferentes que não são totalmente comparáveis. O EVAR deve ser 
assumido como uma terapêutica com indicação própria e não como uma terapêutica 
alternativa da cirurgia convencional. Observámos que pré-operatoriamente não havia 
diferenças, entre o grupo tratado e o grupo controle no componente saúde física e 
componente saúde mental e qualidade de vida pré-operatória, e que no pós-operatório 
estes componentes são recuperados aos 30 dias.  
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7. Impacto institucional da introdução EVAR no tratamento do AAA 
A introdução do tratamento endovascular do aneurisma da aorta abdominal teve como 
objectivo a melhoria dos cuidados prestados ao doente. Em nenhum momento pensámos 
que estas técnicas iriam competir com a cirurgia convencional, mas sim iriam diminuir o 
número de doentes que não tinham condições para realizar o tratamento da sua doença. 
Desta forma, um maior número de doentes disporia de uma possibilidade terapêutica com 
menor agressividade cirúrgica, assumindo-se, numa fase inicial, algum desconhecimento 
quanto ao comportamento futuro, uma maior necessidade de vigilância clínica e 
imagiológica e um eventual maior número de re-intervenções. 
A indicação terapêutica no doente com AAA foi sempre discutida colegialmente, 
efectuada de forma individualizada e tentando sempre conciliar a melhor indicação clínica 
com a melhor anatomia do doente, isto para qualquer uma das técnicas. Num extremo, 
tínhamos o doente jovem com baixo risco clinico e/ou anatómico, e com anatomia 
aneurismática complexa em que a cirurgia convencional seria a escolha e, no oposto, o 
doente idoso com elevado risco clínico e/ou anatómico, com boa anatomia aneurismática, 
em que o EVAR seria a escolha. Contudo, na vida real, estes pólos raramente são 
comuns, com grande número de doentes a situar-se e a possuir características clínicas e 
anatómicas não ideais que dificultam a decisão. A mortalidade reportada na cirurgia 
convencional é variável, sendo em centros únicos de excelência, de 1% a 4%, (229) (230) (231) (232) 
em registos nacionais ou regionais, a mortalidade tem variado entre os 4% e os 8%, 
mesmo em publicações recentes. (229) (233) (234) (235) (236) (237) (238) (239) (240) (241) 
A mortalidade aos 30 dias do EVAR foi inferior a 2%, em todos os trials controlados, mas 
não randomizados realizados, sob o auspício da FDA, (47) (149) (150) (68) (151) mas a mortalidade da 
cirurgia aberta da população controle foi de 1,4%. (47) Num estudo populacional realizado 
em doentes beneficiários da Medicare observou-se uma mortalidade inferior do EVAR em 
relação à cirurgia convencional, de 1,2% contra 4,8%, sendo esta diferença mais 
pronunciada na população com mais de 80. Esta última observação era particularmente 
esperada, devido à menor agressão fisiológica que um procedimento minimamente 
invasivo condiciona. (152) 
Nos estudos prospectivos randomizados EVAR1, (164) DREAM (166) e OVER, (168) a mortalidade 
foi de 1,7%, 1,2% e 0,5%, no EVAR, e de 4,7%, 4,6% e 3%, na cirurgia convencional, 
respectivamente. 
Com o advento da cirurgia endovascular, realizada em grande número dos doentes com 
anatomia do colo aneurismático favorável, a cirurgia convencional na prática 
contemporânea, pode tornar-se mais complexa e difícil, já que os doentes tratados têm 
colos difíceis ou inexistentes (242) (243) e o número de aneurismas justa renais tratados por 
cirurgia convencional apresentam uma tendência crescente. (244) 
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Dias NV et al, (245) analisando o reflexo no tratamento do AAA com a introdução do EVAR 
no seu centro, observou no grupo submetido a EVAR, uma mortalidade aos 30 dias de 
2,6%, uma taxa de re-intervenção precoce de 6% e uma taxa de re-intervenção tardia de 
6,8%, com uma sobrevida sem re-intervenção, aos 44 meses, de 70%. No grupo de 
doentes jovens, com expectativa de vida superior a 10 anos, submetido a cirurgia 
convencional, referem uma mortalidade de 0%, uma taxa de re-intervenção precoce de 
0% e uma taxa de re-intervenção tardia de 9,1%, com uma sobrevida sem re-intervenção, 
aos 44 meses, de 91%. No grupo de doentes de elevado risco anatómico, para a 
realização do EVAR, submetido a cirurgia convencional, referem uma mortalidade aos 30 
dias de 15%, uma taxa de re-intervenção precoce de 12,5% e uma taxa de re-intervenção 
tardia de 2,5%,com uma sobrevida sem re-intervenção, aos 44 meses, de 78%. Observa-
se assim, que o EVAR pode ser realizado com bons resultados, mesmo em doentes de 
alto risco, mas o resultado da cirurgia convencional, em doentes com anatomia 
desfavorável para EVAR, pode ser adversamente condicionado.  
Em termos de custo, os estudos prospectivos randomizados EVAR 1 e DREAM 
reportaram um custo superior do EVAR em relação á cirurgia convencional, enquanto o 
estudo OVER reporta custos iniciais e aos 2 anos favoráveis ao EVAR. 
Este estudo analisou as características clínicas, aneurismáticas, os resultados e os 
custos dos doentes submetidos a ambas as técnicas cirúrgicas, sabendo que estas não 
podem ser comparadas de forma simples entre si, porque tiveram indicações terapêuticas 
diferentes, mas permitiram analisar as orientações que nortearam a nossa acção, e 
avaliar os resultados sectoriais e globais do tratamento do AAA e qual o impacto que 
tiveram na nossa Instituição. Assim, observámos que o grupo submetido a EVAR 
apresentou diferenças com significância estatística em relação a factores de risco clínico 
(idade superior, maior número de comorbilidades associadas, e maior número de doentes 
classificados como ASA III e IV), e os resultados foram diferentes, com o EVAR tendo um 
menor tempo anestésico, um menor tempo cirúrgico, um menor tempo de internamento, 
uma menor taxa de transfusão de concentrado de glóbulos rubros, um maior número de 
complicações intra-operatórias, uma menor taxa de complicações e re-intervenção 
cirúrgica aos 30 dias.  
A mortalidade aos 30 dias foi no EVAR de 1,2% e na cirurgia convencional de 5%, com 
uma mortalidade global de 2,7%. A taxa de re-intervenção cirúrgica tardia foi de 12,3% e 
10,6% e a taxa de sobrevida aos 5 anos foi 68,5% e 76,7%, respectivamente, todos sem 
significância estatística. 
Em termos de custo, o EVAR teve um custo médio de 11.404 euros e a cirurgia 
convencional teve um custo médio de 9.955,7 euros. Observou-se um custo aumentado, 
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com significância estatística, nos doentes classificados como ASA IV, em ambos os 
tratamentos, não o tendo sido observado em relação com a idade. 
Na sequência da diminuição da taxa de transfusão de concentrado de glóbulos rubros 
associada ao EVAR, pudemos também colaborar na optimização da gestão do banco de 
reserva de sangue Hospitalar, iniciando uma estratégia de type and screen nos doentes 
proposto para EVAR, sem reserva de qualquer unidade de sangue pré operatória, já que 
a nossa taxa de utilização da reserva pré-operatória das unidades de concentrado de 
glóbulos, nas primeiras 24 horas, foi de 0,21 e 0,45 na implantação das endopróteses 
aorto-bi-ilíaca e aorto-mono-ilíaca, respectivamente. 
Pudemos afirmar que a doentes diferentes foram propostas terapêuticas diferentes, e que 
a incorporação do EVAR na terapêutica do aneurisma da aorta infra-renal permitiu atingir 
uma mortalidade global no AAA de 2,7% (EVAR − 1,2%; e cirurgia convencional − 5%). 
 
 
8. Novas perspectivas terapêuticas 
Em termos de perspectivas futuras e em face dos resultados por nós obtidos, o EVAR 
revelou-se prometedor para os doentes com aneurisma da aorta que possam estar em 
programa de transplante renal, em doentes com infecção VIH/SIDA, em nonagenários, 
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